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Science Association 
| Meets onPacific Coast 


in July 


The members of the American Dairy. Science Asso- 
ciation at the Ames meeting last Summer voted’ to 
hold the next Summer meeting on the Pacific Coast. 


Aw elaborate itinerary of tours. has been arranged, 
which will give an unusual opportunity to those who 
attend, 


The formal program will be held at the University 


Of California, Berkeley and Davis, July 13; 14, 15; 


1931. Notices have been sent’ out: ‘to the Heads 
of divisions. in the varicus colleges and to. commer- 
cial organizations, in which requests have been made 
for suggestions’for the program. 


i The pre-convention tour will start at Los Angeles 
on July 7 and will include Los Angeles and  vicinity;. 


. Yosemite, Valley; visits to Dairy Farms and Dairy 


Plants; Stanford University and San, Francisco:. 


The pest-convention tour will include a three-day: 


trip over the Redwood Highway from. San.-Francisco 
to Eureka and Grant’s Pass, Oregon, covering a dis- 


tance: of 450 miles through primitive Redwood’ 


ests and along the border of the Pacific’ Ocean: 


Automobile transportation will be furnished for both — 


_ of these tours. 


From Grant’s Pass, Oregon, to Portland, trips-have- 


os een arranged to the State Agricultural’ College, 


Corvallis; to the dairy sections along the .Coast, 


‘ Oregon: Jersey Cattle Club Show;. Tillamoalt Cheese 


Plants; Lower Columbia Dairy Association at-Astoria:; 
* Mount Hood and then north to Seattle, Washington, 


and returning to the East by one of'the several pos- 
sible: routes, passing through several States. of the 


Northwest with opportunities to visit the State Uni-. | 


* versities and State Agricultural Colleges: and’ scenic 


wonders. 


Bntered az.second-clase matter June 9, 1917 at the Postoffice at Baltimore, urder the act of March 3, 1876, 
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A typical thermal recorder chart (actual) from a Cherry- Burrell “Isotherm” Milk 
Heater (right), Note the quick, positive rise to pasteurizing temperature at the 
start, the evenness with which this temperature is maintained. 


POSITIVE CONTROL 


ERFECT thermal recorder charts, hour after hour, using water temperatures 
within one degree (1°) of the final milk temperatures, are commonplace daily 
routine in plants using “IsorHerm’’ Heaters. 


The rise to pasteurizing temperature at the start is rapid. The maintenance of 
this temperature throughout the heating period is even and not markedly affected 
by “‘shut-downs”’. Control is exact—positive—automatic. 


The combination of “Isornerm” Heaters and Burre.i- 
Smptex Tusutar Howpers is an assurance of complete pasteurizing efficiency. 
Ask for descriptive literature and list of users. 


TWO - STAGE 


The ‘“Iso- 
THERM” is a two-stage heater 
delivering continuous automatic 
control. Water temperatures 
are so low that they prove a 

ier against over-heating. 
Delivers milk to holders wit! 


COMPACT 


The Cuerry-Burrett “Iso- 
THERM” is mounted on a sturdy 
steel frame which supports the 
water circulating pumps, 
motors, water supply tanks and 

iping. Installation is simple. 

ade in two sizes—12,000 and 


variations in tem ture of 14,000 Ibs. hour. 
less than 4°. 
CHEeRRY-BURRELL CoRPoRATION 
427 W. RANDOLPH ST., CHICAGO 
Baltimore Cedar Rapids Cleveland Detroit Milwaukee Peoria Philadelphia Syracuse 
Boston Cincinnati Columbus Little Falls New York City Pittsburgh St. Paul Tama 
Cherry -Burrell Corporation of Canada, Ltd., Brockville, Ont. 

Export Office: 31 Union Square, New York City Cherry-Burrell, Ltd., London, England 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Look for the Name, 
NAFIS, 


Under the ‘‘Spot.’’ 


AFIS Cream Test 
Bottle S-6950 
NAFIS Test Bottle 


is from soft, 
hand drawn and hand 


The Quality Goes 
Clear Through! 


GENTLEMAN once stopped at a roadside fruit 
stand and purchased a bushel of beautiful Spies. 
Taking them home, he discovered, to his pleasure, 

that those at the bottom of the measure were as perfect 
as those at the top. 

He later bought a second bushel of “‘Seek-no-furthers” and found 
that every apple in the basket was of equal grade. 

The next order was for a carload—and no questions asked. The 
purchaser had made an important discovery—that the uniform 
quality he desired was not a matter of apples, but of dependable, 
sincere character in the man who sold them. 

In the year '1899, Louis F. Nafis began specializing in retested 
Babcock Test Bottles, guaranteed for their accuracy and quality. 
He has dedicated his life to the axiom that the best is most eco- 
nomical for the user. Around this principle has grown up an or- 
ganization of integrity and character. That the original standards 
of accuracy have been maintained and improved is conclusively 
shown by the fact that 99.97% of all NAFIS bottles retested ac- 
curate according to State retesting records. 

In other words, you may shut your eyes and buy NAFIS Test 
Glassware with confidence and safety., 

Sold by reliable Supply Houses. Write for our in- 
structive catalog containing directions for many tests. 


LOUIS F. NAFIS, INC. 


17-23 N. Desplaines St., Chicago 


Your advertisement is being read in every State, and in 25 Foreign Countries 
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Two of the latest type of Pfaudler Glass Lined Steel Truck Tanks 
which are in service for Producers Milk Company, Cleveland, 
Ohio. Capacity of truck and trailer tanks, 2000 gallons. 


Let specialists build your truck tank 


Pfaudler has built most units 
in service today. Order now: 


Pfaudler has been building Glass Lined Truck Tanks for 
the last 17 years. As originators of the bulk milk ship- 
ment idea, we have had more experience than anyone in 
building this type of equipment. Profit by our experi- 
ence! 


There are more Pfaudler Truck Tanks in service than 
any other type, all of which means that Pfaudler offers 
you the best in truck tank design and at attractive 
prices. Let us send you our new bulletin, available on 
request. 


THE PFAUDLER CO., 1515 Gas & Electric Bldg., Rochester, N. Y. 


PFAUDLER 


Your advertisement is being read in every State and in 25 Foreign Countries 
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A TEST FOR THE DETECTION OF MILK UNSTABLE 
TO HEAT* 


GUY A. RAMSDELL, WM. T. JOHNSON, JR., anp FRED R. EVANS 
Bureau of Dairy Industry, U. S. Department of Agriculture 


INTRODUCTION 


An accurate and rapid method for the detection of milk un- 
stable to heat should be of value to the evaporated milk industry. 
Unfortunately, the literature has failed as yet to reveal such a test. 
Although a great deal of work has been done in ascertaining the 
relationships between heat stability and titratable acidity (5), 
true acidity expressed in pH values (5) (3), concentration of 
mineral salts (5) (3), and reaction towards alcohol of the whole 
milk samples (4) (2) (1), not any of these comparisons have been 
found to be sufficiently definite for advantageous use in grading 
milk for sterilization purposes. In fact, no test is known wherein 
the reactions of the test duplicate the reactions produced when 
milk is heated to sterilization temperatures and, consequently, 
serve as a criterion of its heat stability. However, a test that will 
give a truer analysis of the fitness of milk for condensing than any 
of the existing methods should be of value, and such a test is 
described in this paper. 

The test was developed from the results obtained when making 
comparisons between heat stability values of the concentrated 
products and the precipitating actions of numerous acids and 
salts on the whole milk samples, when such mixtures were heated 
to a temperature of boiling water. Mono basic potassium phos- 
phate was finally selected, since it was found to be the most satis- 
factory precipitating agent. The actual coagulation was brought 
about through the combined action of the added acid salt and 
heat. 

This paper records a description of the test, results obtained, 
and a discussion of its limitations. Data are also presented show- 


* Received for publication June 19, 1930. 
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ing the relationship between heat stability and minimum concen- 
tration of phosphate solution necessary to produce initial coagu- 
lation of the milk when added to milk in the manner described in 
the test. 


EXPERIMENTAL 


The milk was obtained from herds representing Holstein, 
Jersey, and Guernsey stock. However, some samples were from 
registered cattle all of one breed. The samples were collected 
during the spring, fall, and winter months. 

The heat stabilities were determined by forewarming the milk 
to 95°C. for 10 minutes, concentrating in a partial vacuum, stand- 
ardizing to 18 per cent solids not fat, sealing in tin cans, and 
finally sterilizing in a pilot sterilizer. Fifteen minutes were taken 
to bring the milk to the sterilization temperature of 121°C. 
Whole milk was always used so that the concentrated product 
contained approximately 6 to 12 per cent fat. Small changes in 
fat content had no appreciable effect on the phosphate test. 

Throughout this work, the phosphate test was conducted in the 
following manner: 

Solution used: 0.5 m KH,PO, (68.1 grams of mono basic 
potassium phosphate were dissolved in water and the solution 
diluted to one liter). 

Two cubic centimeter samples of milk were transferred to Pyrex 
test tubes of approximately 20 cc. capacity, and 0.20 ce. of the 
phosphate solution added accurately to each tube by means of a 
1 ce. pipette, calibrated in 0.1 cc. divisions. The pipette was of 
small bore, so that the divisions were far enough apart to permit 
measurements within an accuracy of 0.01 cc. 

The contents of the tubes were then thoroughly mixed and the 
tubes immersed in boiling water for 5 minutes. They were then 
removed, cooled, and the mixture examined for the presence of a 
curd. Any coagulation indicated that the concentrated product 
was of low heat stability. 

The test could be made applicable to factory routine if larger 
amounts of both milk and phosphate solution were used. A satis- 
factory proportion would be 10 cc. of milk and 1 ce. of the phos- 
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phate solution. This would permit the use of a burette for dis- 
pensing the phosphate solution. Likewise, the milk could be 
measured out very rapidly by means of a 10 cc. dipper. With 
reasonable caution, 10 cc. plus or minus 0.1 cc. of milk can be ob- 
tained by this means. 

The use of these larger amounts of milk and phosphate solution 
would obviously reduce errors in measuring, and since ,there is a 
fairly definite relationship between the amount of milk and con- 


Fig. 1. RELATION BETWEEN PHospHaTe NUMBERS AND COAGULATION TIME 


centration of phosphate solution to produce a curd, results ob- 
tained by both methods on the same sample of milk should be 
comparable. However, when using these larger amounts, care 
must be taken to have the mixture immersed below the top of the 
boiling water to insure the necessary heating. 

A series of comparisons were first made between the actual 
concentration of phosphate solution necessary to produce initial 
coagulation of whole milk samples and the heat stability of the 
respective evaporated products. The object of this inquiry was 
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to determine the amount of solution to use in the test. The 
procedure was similar to that described in the phosphate test, 
only, in addition, increasing amounts of the solution were added 
to 2 ec. portions of each sample until the amount within 0.02 cc. 
was found that would just produce initial coagulation. Approxi- 


TABLE 1 
Comparison between coagulation time and average phosphate numbers of milks of 
similar heat stability values* 


COAGULATION TIME PHOSPHATE NUMBER (AVERAGE) NUMBER OF TESTS 
minutes 
0 18.1 25 
1 18.2 6 
2 19.5 8 
3 20.7 16 
+ 21.3 3 
5 23.0 1 
6 24.1 16 
7 26.0 1 
8 26.6 3 
9 26.0 17 
10 26.0 8 
12 27.2 17 
13 26.0 1 
14 28.0 2 
15 27.5 14 
16 26.6 3 
18 25.2 5 
21 25.0 1 
24 25.3 3 
27 25.0 1 
30 28.0 1 
33 27.0 1 
36 28.0 1 
* Single herd milk samples. 


mately 150 individual comparisons were made and the results are 
plotted in figure 1. A summary of these observations is shown in 
table 1. The number of fractional cubic centimeters necessary 
to curdle the milk, multiplied by 100, is designated as the phos- 
phate number. These values are listed in the second column of 
this table. 
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The heat stabilities of the milks varied from 0 to 36 minutes 
and the phosphate numbers from 12 to 32, which represents a 
considerable range of milks both as to heat stability and phos- 
phate resistance. 

As is observed upon inspection of figure 1, there is a striking 
agreement in the heat stability of those milks that have a phos- 
phate number of 20 or less; over 86 per cent of them coagulated 
in the sterilizer in less than 4 minutes. They were milks of dis- 
tinctly poor heat resistance. This relationship is even more pro- 
nounced in composite samples from mixed herds. All of the 
composite samples that had a phosphate number of 20 or less 
coagulated before 4 minutes. With increasing phosphate num- 
bers there is at first a general trend towards an increase in heat 
stability values. However, this relationship does not exist in 
milks of high phosphate numbers. A high phosphate number may 
not necessarily indicate a high heat resistant milk. In fact, 
samples with a phosphate number of 24 have coagulated in any- 
where from 3 to 24 minutes under sterilization, while one sample 
with a phosphate number of 32 coagulated in only 9 minutes. 

The relationship between coagulation time and average phos- 
phate numbers of milks of the same heat resistance (listed in 
table 1) is also plotted in figure 1. A fairly definite curve can be 
traced up to a limiting value of 12 minutes in coagulation time. 
Beyond this there is little or no correlation. 

Table 2 shows the results obtained when applying the phos- 
phate test to cull out the unstable milks. The procedure was to 
separate from 20 to 120 samples representing as many herds se- 
lected each day into three composite batches, A, B, and C. Com- 
posite A consisted of an aliquot of the samples that coagulated 
with the phosphates test, composite B an aliquot of the samples 
that did not coagulate with the phosphate test, and composite 
C an aliquot of all the sample selected each day. 

The phosphate numbers of these composites were then deter- 
mined, as well as the heat stability of their forewarmed and con- 
centrated products. The stabilities of the A milks were in every 
run less than the C milks, and no batch of A milks held up in the 
sterilizer longer than 3 minutes, while approximately 70 per cent 
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TABLE 2 


Stability of composite samples of milk separated on basis of phosphate test 


COMPOSITION OF COMPOSITES CHANGE IN 
A B site (C) 
per cent per cent minutes minutes 
A* 100 0 0 5-t 

1 B 0 100 12 7+ 
Cc 32 68 5 

A 100 0 0 5- 

2 B 0 100 6 i+ 
Cc 21 79 5 

A 100 0 1 6- 

3 B 0 100 9 2+ 
Cc 33 66 7 

A 100 0 0 9- 

4 B 0 100 12 3+ 
Cc 15 85 9 

A 100 0 0 9- 

5 B 0 100 12 3+ 
Cc 27 73 9 

A 100 0 3 9— 

6 B 0 100 15 3+ 
Cc 27 73 12 

A 100 0 0 10-— 

7 B 0 100 12 2+ 
Cc 20 80 10 

A 100 0 0 2- 

8 B 0 100 14 12+ 
Cc 24 76 2 

( A 100 0 0 9— 

9 B 0 100 12 3+ 
Cc 26 74 9 

A 100 0 0 9- 

10 B 0 100 12 3+ 
Cc 20 80 9 

A 100 0 0 1- 

11 B 0 100 5 4+ 
Cc 36 64 1 
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TABLE 2—concluded 
COMPOSITION OF COMPOSITES CHANGE IN 
NUMBER COMPOSITE 
A B srrz (C) 
per cent per cent minules minutes 

A 100 0 3 6- 
12 B 0 100 12 3+ 

Cc 34 66 9 

A 100 0 0 g- 
13 B 0 100 12 3+ 

Cc 27 73 9 

A 100 0 0 9- 
14 B 0 100 12 3+ 

Cc 40 60 9 

A 100 0 0 3- 
15 B 0 100 6 3+ 

Cc 27 63 3 

A 100 0 0 7- 
16 B 0 100 ll 4+ 

Cc 17 83 7 

A 100 0 2 g- 
17 B 0 100 ll 0 

Cc 25 75 ll 

A 100 0 3 g- 
18 B 0 100 12 0 

Cc 16 12 

A 100 0 2 8-— 
19 B 0 100 10 0 

Cc 45 55 10 


* A Composite of milks that coagulated with the phosphate test. 
B Composite of milks that did not coagulate with the phosphate test. 
C Composite of all milks selected each day. 

t — Decrease in stability. 
+ Increase in stability. 


coagulated at 0 minutes, or before the sterilization temperature 
was attained. It is observed that the composites made up of 
samples that coagulated with the phosphate test were invariably 


| 
| | 
| 


100 RAMSDELL, JOHNSON, AND EVANS 


poor heat resistant milks. Hence these results afford excellent 
evidence of the value of the phosphate test to detect milks of this 
class. The increase in stability of the B milks over that of the 
A milks ranged from 5 to 14 minutes. In runs Nos. 17, 18, and 
19, no improvement was noted in B milks over that of the total 
batch or C milks. However, the stability of B milks has never 
been less than the C milks. 

These observations are shown in figure 2. The area above the 
C line represents an increase in stability over C milks, and the 
area below a decrease in stability. 


» 


—§|_ teller than C— 


time — minutes mare or less than C 


» 


Coagulation 
poorer than C 


Fig. 2. Comparative oF Composite SamMpLes or MILK SEPARATED 
ON THE Basis OF REACTION TO THE PHOSPHATE TEST 


The composites where no improvement was made by separating 
the unstable milks (A milks) gave nearly similar phosphate num- 
bers to that of the C milks, with the exception of sample 19, where 
the phosphate number of batch C was 24 and batch B, 29. 

A comparison between pH values and phosphate numbers failed 
to show any consistent relationship. Samples with similar phos- 
phate numbers have had pH values anywhere from 6.40 to 6.70. 
Only in those samples where the H-ion concentration is distinctly 
abnormal, no doubt due to bacterial growth, are the phosphate 
numbers of the same order. 
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Phosphate tests were made intermittently during a period of 
six months on milk samples from approximately 100 different 
herds. The purpose was to determine the variation, if any, in the 
reaction to the phosphate test in milk samples from the same 
herd collected at daily or weekly intervals. It was found that in 
a large majority of the herds the milk was fairly constant from day 
to day in its reaction to the phosphate test. The fact that the 
milk was phosphate positive on one day was fairly good assurance 
that it would be phosphate positive the day following. Milk 
from several herds was consistently phosphate positive for over a 
period of three months, while milk from other herds was phos- 
phate negative during two or three months at a time. However, 
milk from a few herds (representing about 5 per cent of all studied) 
would fluctuate some from day to day in its reaction to the test, 
and others over longer intervals. These samples had phosphate 
numbers that varied between 20 and 22. While they were not 
consistent in their reaction to the test, their actual daily variation 
in phosphate resistance was small. Milk from one particular 
herd in which a study was made for over a year, was always of 
good quality in respect to its heat stability and the phosphate 
numbers were never less than 26. This herd consisted of regis- 
tered Holstein cattle of very large frame. ‘The cows were milked 
three times daily. Another herd gave milk throughout the year 
of low heat stability and of phosphate numbers consistently 
below 22. In general, milk from the same herd that reacts phos- 
phate positive or phosphate negative on one day, is quite apt 
to react the same the day following and often one week later. 
However, it is suggested that tests should be made at least twice 
a month in order to maintain an adequate check. 

Addition of disodium phosphate, to the milk that coagulated 
in the phosphate test always resulted in an improved product. 
On the other hand, milks of high phosphate numbers were gener- 
ally reduced in their resistance to heat when treated with the 
disodium phosphate. Work is now in progress to determine what 
relationship does exist, if any, between phosphate numbers and 
amount of disodium phosphate to add for optimum stability. 
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DISCUSSION 


A study of the results presented shows that milk coagulated 
in the phosphate test is of low heat stability. Furthermore, 
composites made up of samples of milk of this class are also of low 
heat stability. Likewise, elimination of the milks that respond 
to the phosphate test from the total supply, often results in ob- 
taining a more stable product, and an increase in stability is 
invariably produced when the percentage of these milks represent 
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Fia. 3. Comparative or Composite SAMPLES OF CoNDENSERY MILK 
SEPARATED ON Basis oF PHospHatse TEstT 


over 50 per cent of the total milk under investigation. However, 
the heat stabilities of composites are not always increased by 
eliminating the samples that respond to the test, at least when the 
percentage of poor milks is small in comparison to the total 
amount. In fact, it was found that one batch was not improved 
at all by eliminating the poor stability milks. The poor milks 
comprised 45 per cent of the total amount studied on this date. 
Then again, another batch was increased 3 minutes in stability 
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TABLE 3 


Stability of composite samples of milk separated on basis of phosphate test, when using 
10 cc. of milk and 1 cc. of phosphate solution in the test* 


COMPOSITION OF COMPOSITES CHANGE IN 
NUMBER COMPOSITE 
A B site (C) 
per cent per cent minutes minutes 

At 100 0 8 7—} 

1 B 0 100 22 7+ 
Cc 40 60 15 
A 100 0 2 s- 

2 B 0 100 14 4+ 
Cc 33 66 10 
A 100 0 2 13— 

3 B 0 100 14 1- 
Cc 16 4 15 
A 100 0 1 21— 

+ B 0 100 31 9+ 
Cc 8 92 22 
A 100 0 1 19— 

5 B 0 100 Lost 
Cc 8 92 20 
A 100 0 5 10-— 

6 B 0 100 6- 
Cc 37 63 15 
A 100 0 7 30-— 

7 B 0 100 30 7- 
Cc 37 63 37 
A 100 0 8 25—- 

8 B 0 100 21 12- 
Cc 33 67 33 
A 100 0 16— 

uv B 0 100 29 4+ 
Cc 33 67 25 
A 100 0 ll 19— 

10 B 0 100 19 ll— 

Cc 33 67 30 
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TABLE 3—concluded 
COMPOSITION OF COMPOSITES CHANGE IN 
A B site (C) 
per cent per cent minutes minutes 
( A 100 0 8 17— 
ll B 0 100 20 5- 
Cc 16 &4 25 
A 100 0 18 ll- 
12 B 0 100 25 4- 
Cc 25 75 29 


* Results obtained by B. H. Webb, in a condensery in California. 

+ A Composite of milks that coagulated with phosphate test. 
B Composite of milks that did not coagulate with phosphate test. 
C Composite of all milks selected each day. 

t — Decrease in stability. 
+ Increase in stability. 


by separating out the poor milks which represented only 15 per 
cent of the total amount (by volume) used that day. 

Webb! found somewhat similar results when applying the test 
at a condensery in California. His results are tabulated in table 
3, and comparisons of his A and B composites with his C compos- 
ites are shown in figure 3. The milk arriving at the condensery 
at that time was very stable and the rejection of the poor milks 
or the use of a neutralizer was seldom necessary. However, the 
A composites were always of lower heat stability than either the 
C or B composites, which is in accord with our findings. On 
several days Webb found that certain percentage mixtures of his 
A and B composites gave a more stable product than his B com- 
posites alone. In this connection, that is when mixtures of the A 
and B milks are made, a determination of the phosphate numbers 
of such mixtures will often aid in approximating their resultant 
stabilities. By this means, mixtures of the requisite heat stability 
may be obtained. 

In view of the fact that elimination of poor stability milk does 
not always result in producing a resultant milk of higher stability, 


‘ From an unpublished report made by Byron H. Webb, of this laboratory. 
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use of the test should be governed by the results obtained and 
consideration should be given to the type of milk arriving at the 
condensery. Its real purpose is to aid in picking out those milks 
that impair the stability of the total composite during the seasons 
when sterilization is giving trouble, and not to be used as a quality 
test of sanitary milk. The amount of solution to use in the test 
is likewise variable, and should be governed by the type of milk 
under examination. When the elimination of milk that coagu- 
lates when 1 ec. of the phosphate solution is treated with 10 cc. 
of milk does not produce an increased stability in the remaining 
batch, the use of lesser amounts might. The appropriate amount 
can be ascertained by trial only. 


SUMMARY AND CONCLUSIONS 


1. A test has been developed for the detection of milk unstable 
to heat. The test is rapid and made applicable to factory routine. 

2. Milk that coagulates in the test is invariably of low heat 
resistance. Composites of this class of milk are also of low heat 
stability. 

3. In grading milk on the basis of the phosphate test, the elim- 
ination of the phosphate positive milk often results in obtaining 
a milk of higher stability towards heat. 

4. Phosphate number is defined. 

5. Relation between phosphate number and coagulation time 
is shown. 

6. There is no apparent relationship between pH and phosphate 
number. 

7. Single herds are reasonably constant in their phosphate 
number. 

8. This test has been tried on a commercial scale in a conden- 
sery in California. 
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SPEED OF DASHER AND SCRAPER AS AFFECTING THE 
QUALITY OF ICE CREAM AND SHERBET* 


E. L. REICHART 
Department of Dairy Husbandry, University of Nebraska, Lincoln 


INTRODUCTION 


The texture of ice cream is largely determined by the structure 
of the ice crystals constituting the body or bulk of ice cream and 
the air spaces separating these crystals. The smoothness of ice 
depends upon controlling the crystal and air cell formation. 
Factors entering into the control of crystal and air cell structure 
may be classified into two general groups: First, ingredient 
factors (2, 5); and second, processing factors. It is with a phase 
of this second group of factors that these experiments deal. 

It is well known that freezing conditions have a marked in- 
fluence on the body and texture of the finished ice cream (1, 4). 
Of these, brine temperatures, sharpness of scraper blades, and the 
operation of the movable parts of the freezer are especially im- 
portant (3). The major part of these trials deals with the opera- 
tion of the scraper and dasher. 


EQUIPMENT AND METHODS 


The freezer used was a forty-quart Fort Atkinson, which had 
been rebuilt and equipped with several sets of different size gears. 
It was so arranged that the dasher could be operated independ- 
ently from the scraper and a motor was attached to drive it 
independent of the scraper. A two-way switch was attached to 
the motor driving the dasher to provide for the operation of the 
dasher in either direction, i.e., opposite to the direction of the 
scraper as is normal, and in the same direction. By not turning 
on the dasher motor, it was also possible to have the dasher idling, 
being propelled in neither direction, but offering some resistance 
to the freezing mix due to its presence as an obstacle. 

* Received for publication July 18, 1930. Submitted to the Journnat or Dairy 
Scrence as Contribution No. 94 from the Nebraska Experiment Station. 
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The ice cream mix used in these trials contained 14 per cent 
fat, 10 per cent serum solids, 14 per cent sugar and 0.25 per cent 
gelatin, and was made from fresh cream, skim-milk, and condensed 
skim-milk (30 per cent serum solids). It was pasteurized at 
145°F. for 30 minutes and homogenized with a two stage Colony 
homogenizer at 2000 and 1000 pounds pressure, cooled immedi- 
ately to between 40 and 50°F. and then frozen with various times 
of aging. 

TABLE 1 
Influence of speed of dasher upon freezing ice cream 
Date of experiment: October 2, 1929. Mix composition: Fat, 14 per cent; 


serum solids, 10 per cent; sugar, 14 per cent; gelatin, 0.25 per cent. Hardening 
room temperature: —5°F. 


OVERRUN AT MINUTES 
FREEZING CONDITIONS § 4 
3 44] $ 8 
Q a = < 
r.p.m. °F. | hours 
1 | Scraper normal (295 r.p.m.) dasher 21| 260 |45/55*/72/85/100) —15) 40 
high speed 
2 | Scraper normal (295 r.p.m.) dasher 260 |60|70*/70|75| 85|100|—15) 40 
high speed 
3 | Seraper normal (295 r.p.m.) dasher |94-14| 163 |80/70*/72/81| 90) 95|—13) 42 
low speed 
4 | Scraper normal (295 r.p.m.) dasher |94-14) 163 |70|/65*/70/81| 94|100|—13} 42 
low speed 
5 | Scraper normal (295 r.p.m.) dasher |94-16} 200 |60/70*/70/79| 95)110|—15} 72 
medium speed 
6 | Scraper normal (295 r.p.m.) dasher |94-16) 200 |50/59*/68/80| 72 
medium speed 


* Time when brine was shut off. 


Experimental work 
Trial I. Variations of dasher speed. This trial consisted of 
three duplicate runs with the dasher operated at high, low, and 
medium speed, respectively. At high speed the dasher was 
turning 260 revolutions per minute; at medium speed (normal), 
200; and at low speed, 163 revolutions per minute. The scraper 
was operated at normal speed (295 r.p.m.). Overrun readings 
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were taken as indicated with the attempt made to freeze all 
mixed to 100 per cent overrun. 

Samples from the above batches were placed in the hardening 
room, allowed to harden for 48 hours, and then examined for body 
and texture differences by four members of the department. It 
was their unanimous opinion that there were no appreciable 
differences in the texture or body of the six different samples as 
shown in table 1. Figures in the overrun column indicate that 
there was very little difference in the length of time necessary 
either to freeze the ice cream sufficiently or to incorporate 100 
per cent overrun. These trials seemed to indicate that the varia- 
tion of the dasher speed from 163 to as high as 260 revolutions per 
minute had no marked effect on the finished product, the freezing 
time or the incorporation of overrun in a mix of the above 
composition. 

Trial II. It was thought however, that in freezing sherbets, 
especially where difficulty frequently was encountered in keeping 
down the overrun, that the speed of the dasher might be the cause 
of the difficulty. With this idea in mind, a series of trials with 
sherbets were planned and carried out as shown in table 2. 

In table 2 are presented the results of 20 trials with sherbet. 
It is a well-known fact that it is easy to obtain a large overrun in 
freezing sherbet, while only a moderate overrun is desired. 
Experience had indicated that under ordinary circumstances an 
overrun of between 30 and 40 per cent gives most satisfactory 
results, because of the better body. The first § samples represent 
trials with the scraper operating at normal speed, while the dasher 
was operated at high speed. The desired overrun was obtained 
at between 7 and 9 minutes and after that the whipping incorpo- 
rated too much air. The second set of trial samples, 9 to 16 in- 
clusive, had the scraper operating at normal and the dasher 
operating at normal or medium. In these trials the desired 
overrun was obtained in the same time, but there was not the 
excessive whipping afterward. In the third set of trials, samples 
17 to 24 inclusive, the scraper was operated at normal speed, 
and the dasher was operated at slow speed. Here the overrun 
was incorporated somewhat slower throughout the entire whip- 
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ping period and the maximum obtained was much lower. The 
last series of trials, samples 25 to 32 inclusive—were run with the 
scraper normal and the dasher idle. In these trials the overrun 
was obtained slower than in the other trials and the maximum 
reached was less. As the mix is usually frozen sufficiently to 
draw in 9 minutes, it is apparent that operating the dasher at a 
low speed or idle, assists in keeping the overrun down to a desira- 
ble amount for sherbet. Where brine temperatures are not low 
enough to complete freezing by the time the desired overrun has 
been reached, the time necessary to complete freezing usually 
allows too much whipping unless the dasher is operated slower 
than normal. These trials raise the question of the desirability 
of having a variable speed dasher in brine freezers used for making 
sherbets. 

Trial III. A study of table 1 indicates that the variations in 
the dasher speed had but little effect upon the rapidity of obtain- 
ing overrun or upon the body and texture of the finished ice 
cream. This suggested that the scraper speed might be of 
greater influence than the dasher speed in obtaining more rapid 
incorporation of overrun. 

In order to determine the effect of the scraper as compared with 
the dasher upon the freezing of ice cream, a series of runs was 
made in which the dasher was operated at normal speed, while 
the scraper was operated at different speeds. The same composi- 
tion mix was used as in the previous trials with ice cream. In 
table 3 the results obtained are presented in tabular form. 

In table 3 samples 1 and 2; and 6, 7, and 8 were frozen with 
scraper and dasher operating at normal speeds. The desired 
overrun, 100 per cent was obtained in 13 minutes in each case. 
Samples 3, 4, and 5; and 9, 10, and 11 were frozen with dasher 
operating at normal speed, but with the scraper speeded up 35 
revolutions per minute. In these runs the desired overrun was 
obtained in 9 minutes with 4 samples and in 11 minutes with 2 
samples. There was a saving of from 2 to 4 minutes in freezing 
time. These samples were hardened and then scored by four 
members of the department and a slightly smoother body was 
observed in the samples frozen at a high scraper speed. The 
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saving of time appears to be advantageous from a commercial 
standpoint, especially when there apparently is a slight improve- 
ment in body and texture. The operation of the scraper at a 
speed higher than normal tends however to create so much 
centrifugal force within the freezer that it is difficult to get the 
mix into the freezer from the hopper without discontinuing the 
operation of the scraper. 


TABLE 4 
Influence of scraper and dasher upon freezing ice cream 
Date of experiment: October 16, 1929. Mix composition: Fat, 14 per cent; 
serum solids, 10 per cent; sugar, 14 per cent; gelatin, 0.25 per cent. Hardening 
room temperature: —5°F. 


a = 
FREEZING CONDITIONS : a| 3 
° 
a a < 
r.p.m. °F. | hours 
1 | Scraper fast (330 r.p.m.) dasher idle 48*!70|87|94| 99|—10| 24 
2 | Scraper fast (330 r.p.m.) dasher idle 45*|60)|84/93/ 98/10} 24 
3 | Scraper fast (330 r.p.m.) dasher idle 46*|72/83/95) 98} —8| 24 
4 | Scraper fast (330 r.p.m.) dasher idle 48*|74|86/95|100) —8} 24 
5 | Scraper fast (330 r.p.m.) dasher |94-16) 200 | (51*/65/79/88 —8| 28 
same direction as scraper ‘| 
6 | Scraper fast (330 r.p.m.) dasher |94-16) 200 51*/65/82/95| 99} —8} 28 
same direction as scraper 
7 | Scraper fast (330 r.p.m.) dasher [94-16] 200 | —8} 28 
same direction as scraper 


* Time when brine was shut off. 


Trial IV. In order to further check the influence of the dasher 
upon the freezing of ice cream, runs were made with the dasher 
either idling, or operating in the same direction as the scraper, 
at medium or normal speed, while the scraper was operated at 
high speed. The results are presented in table 4. 

The time required to obtain satisfactory overrun was uniformly 
13 minutes in these runs. This is the same time that was needed 
when the dasher speed was high, and the scraper normal, (table 1, 
sample 2, (sample 1 froze in 11 minutes) ; dasher speed low, scraper 


SPEED OF DASHER AND SCRAPER 115 


normal, table 1, samples 3 and 4; dasher speed normal and scraper 
normal, table 1, samples 5 and 6). This seems to indicate that 
within the speed limits used, the speed of the dasher has no 
marked influence upon the time necessary to incorporate desired 
overrun. The mix used in this trial was identical in composition 
with that used in previous trials and the resulting ice cream after 
hardening was pronounced no different in texture and body, by 
four members of the department, from the ice cream produced in 
the other trials. 


SUMMARY 


1. The speed of the dasher (200 r.p.m. normal; 163 r.p.m. low; 
260 r.p.m. high) has no appreciable effect upon the rapidity of 
freezing ice cream; upon the rapidity of incorporating 100 per 
cent overrun; or upon the body and texture of the finished ice 
cream, when made from fresh dairy products. 

2. In freezing sherbets, where an overrun in excess of 30 to 40 
per cent is undesirable, the reduction of the effect of the dasher by 
reducing its speed, by allowing it to idle, or by operating at nor- 
mal speed in the same direction as the scraper, is useful in pre- 
venting the too rapid incorporation of overrun and the consequent 
necessity of drawing the sherbet before it is properly frozen. 

3. The operation of the scraper at a speed above normal slightly 
shortens the freezing time and also the time necessary to incor- 
porate 100 per cent overrun and tends to produce a slightly 
smoother body. 

4. Comparing the effect of variations of speed of dasher and 
scraper in freezing ice cream, the scraper is the more important. 
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AN INTERPRETATION OF THE FEEDING STANDARDS 
FOR GROWING DAIRY CATTLE* 


J. B. FITCH 
Department of Dairy Husbandry, Kansas Agricultural College, Manhattan 
AND 
R. H. LUSH 
Agricultural Experiment Station, Louisiana State University, Baton Rouge 


In experimental work in feeding growing dairy animals over 
long periods of time, there is a need for definite standards of feed 
requirements. It is necessary to use some guide; first, to insure 
that animals receive sufficient amounts of nutrients and, second, 
in order that trials may be accurately repeated. It is realized 
that any arbitrary standard is likely to be but an approximation 
of requirements for growth, especially if little or no attempt is 
made to consider the source of energy, the quality of the protein, 
or the mineral and vitamin content of the food. The authors 
do not propose to criticize existing standards but, rather, to 
present some experience in interpreting them, believing that other 
workers may have had the same difficulty. Table 1 shows the 
requirements as listed in two standard texts. 

The Armsby (1) standard expresses in digestible true protein 
and net energy the requirements for animals of different weights. 
No figures are listed for animals weighing over 800 pounds. The 
usefulness of the Armsby standard is limited by the fact that the 
net energy is not known for all feeds. 

The Morrison (2) standard is adaptable to more general use, 
especially in experimental trials with new feeds or those of varying 
composition that can readily be analyzed. Also it can be used 
for larger.animals than can the Armsby standard. The Morrison 
standard is used almost exclusively at this Station for these 
reasons. However, in figuring the nutrients required for an ani- 

* Contribution No. 71, Department of Dairy Husbandry, Kansas State Agri- 
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mal of a given weight, inconsistencies are encountered because 
of the abrupt change in requirements from one 100 pound class 
to the next. The requirements for both protein and total di- 
gestible nutrients are expressed in maximum and minimum pounds 
required for 100 pounds live weight. The range in protein is 
given in order that the feeder may take advantage of fluctuations 
in price of protein feeds. However, to get the average requirement 
for experimental work, one would ordinarily average the two 
extremes of the class, divide by 1000 and multiply by the actual 
weight of the animal. This is accurate for an animal weighing 


TABLE 1 
Nutrient requirements for growing dairy animals 
ARMSBY, PER DAY 
WEIGHT 
pounds pounds pounds pounds pounds therms 
100-200 2.9-3.2 17.0-19.0 100 0.40 3.1 
200-300 2.6-2.9 16.5-18.5 135 0.45 3.4 
300-400 2.3-2.6 15.5-17.5 165 0.55 3.6 
400-500 2.0-2.3 14.5-16.5 275 0.70 4.1 
500-600 1.8-2.0 13.8-15.8 325 0.75 4.4 
600-700 1.7-1.9 13.0-15.0 400 0.80 5.1 
700-800 1.6-1.8 12.2-14.2 550 0.85 6.4 
800-900 1.5-1.7 11.4-13.4 700 0.85 7.6 
900-1, 000 1.3-1.5 10.6-12.6 800 0.85 8.2 


near the middle of the weight class. But using the same method, 
it will be found that an animal weighing near the upper limit of 
one class will be shown to require more protein than another 
animal weighing near the lower limit of the next higher class. 
That is to say the feed requirement so calculated will be least 
for the heavier animal. This variation is illustrated by the dotted 
line in figure 1, in which the maximum, minimum, average, and 
calculated amounts of protein required for animals weighing from 
150 to 950 pounds is plotted. The average which is based on 
the maximum and minimum for each 50 pound class accurately 
represents the protein requirements for any size animal. Where 
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this curve crosses a base line of a given weight, the digestible 
protein required will be found expressed in the legend on the left. 
This curve is satisfactory until 900 pounds is reached. For ani- 
mals reaching maturity at about 950 pounds as with the Jersey 
breed this figure may be correct as the protein requirement de- 


TABLE 2 
Morrison Standard for Growth (with suggested changes) 
WEIGHT DIGESTIBLE CRUDE PROTEIN TOTAL DIGESTIBLE NUTRIENTS 
pounds pounds pounds 
100 0.320 1.9 
150 0.457 2.70 
200 0.580 3.55 
250 0.687 4.375 
300 0.780 5.10 
350 0.857 5.775 
400 0.920 6.40 
450 0.967 6.975 
500 1.00 7.575 
550 1.045 8.14 
600 1.11 8.64 
650 1.17 9.10 
700 1.225 9.52 
750 1.275 9.90 
800 1.320 10.24 
850 1.335 10.54 
900 1.350 10.80 
950 1.365 11.02 
1,000 1.37 11.20 
1,050 1.38 11.34 
1,100 1.39 11.44 
1,150 1.41 11.50 
1,200 1.42 11.53 


pends on rate of growth and maintenance. But from Armsby (3) 
and from Morrison’s standard for growing fattening steers it is 
reasonable to believe that the total amount of protein used in- 
creases slightly with any considerable increase in body weight. 
On this assumption we have completed the curve of requirements 
to 1200 pounds using the rate of regression from 100 to 800 pounds. 
An animal of each 50 pound class requires a smaller percentage 
of protein than the preceding class until the increase amounts 
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to only 0.7 per cent at 1200 pounds. These percentage increases 
are slightly smaller than for growing fattening steers of the same 
weight. This curve, then, as shown in figure 3 is probably con- 
servative in estimating the protein required for large dairy ani- 
mals. According to the Missouri Station (4), Holstein heifers 
required an average of only 69.9 per cent of the Wolff-Lehnmann 
(Morrison) requirements for protein while Jerseys required 101.6 
percent. Granted that there is a breed difference in metabolism 
due to a difference in the ratio of body surface to weight and other 
possible factors, the 1000 pound Holstein heifer should have more 
total protein than the 900 pound Holstein. Similar reasoning 
should hold for other differences in weight between animals of 
the same body type or else maintenance requirements are wrong. 

Much the same difficulty is encountered in figuring the amount 
of total digestible nutrients required. If the table is used literally 
an animal weighing just over 600 or 700 pounds, for example, 
would require less nutrients than one weighing slightly less than 
these amounts. This is shown by the dotted line in figure 2, which 
shows the total digestible nutrient requirements for animals weigh- 
ing between 100 and 975 pounds. The maximum and minimum 
requirements were figured for animals of each 25 pound class. Cer- 
tainly an animal’s requirements do not vary as markedly as shown 
here nor did Morrison make that assumption. But the only fair 
way to interpret the figures for ready use is by taking averages for 
50 and 100 pound classes and plotting a curve as shown in figure 
4. The nutrients required may then be read directly from the 
intersection of the curve and base or weight line. Here again it 
is necessary to extend the curve to 1200 pounds. As the increase 
in nutrients of each 50 pound class from 200 to 950 pounds was 
0.04 of a pound less than the increase over the previous class, this 
rate was used from 950 to 1200 pounds. The rate of increase in 
nutrients for growing fattening steers is considerably higher than 
this, indicating that the curve is very conservative in estimating 
nutrients necessary for growing large dairy animals. Table 2 
presents the original data from which the solid line of figures 3 
and 4 are plotted. 

We do not have sufficient data to say whether the Morrison 
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standard would supply enough nutrients for normal or average 
growth. Normal growth itself is affected by many local factors. 
This standard is generally believed to be liberal in its allowance 
of nutrients, however, and work of the Missouri Station indicates 
this to be true. In figures 3 and 4 is presented a comparison of 
the Armsby and Morrison standards for growth, in terms of the 
latter. Corn was selected as a basis for converting digestible 
true protein to terms of digestible crude protein. For example, 
in the case of a 410 pound animal, 0.8 pounds of digestible true 
protein is required according to Armsby. Dividing 0.8 by 0.07, 
the amount of digestible true protein in one pound of corn, the 
result indicates that 11.42 pounds of corn would be necessary to 
supply this protein. Then by multiplying by 0.075 the equivalent 
amount of digestible crude protein is found to be 0.857 pounds. 
This figure, then, represents the Armsby requirement expressed 
in the Morrison term. Similarly, all the stated requirements 
were converted and listed in figure 3. 

The curve given then represents the Armsby figures for protein 
on a concentrate basis with no attempt to correct or extend it. 
The same process was used in converting net energy to equivalent 
figures of total digestible nutrients in figure4. Here the difference 
isnotsomarked. But with alfalfa hay as a basis for comparison, 
the Armsby standard is close to or exceeds that of Morrison. 
That is, an 800 pound dairy heifer fed on alfalfa hay alone ac- 
cording to net energy requirements will get more total digestible 
nutrients and protein than called for in the Morrison standard. 
The choice of a standard or guide to follow will depend somewhat 
on the type of experimental feed used. 


SUMMARY 


Any feeding standard should be looked upon only as a guide. 
The Morrison standard for growing dairy animals, however, can 
be readily used in the majority of experimental trials and it is 
hoped more quickly interpreted by the use of table 2 plotted on 
a large scale as shown in figures 3 and 4. 
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THE EFFECT OF FEEDING MENHADEN (FISH) OIL 
ON THE SECRETION OF MILK AND THE COMPOSI- 
TION OF BUTTER FAT IN THE DAIRY COW* 


J. B. BROWN anp T. 8S. SUTTON 


Laboratory of Physiological Chemistry and the Department of Animal Husbandry, 
Ohio State University, Columbus 


The problem of the effect of diet on the quality and quantity 
of milk from the dairy cow has been one of great interest and the 
subject of numerous investigations, including those of Wing (1), 
* Anderson (2), Eckles and Palmer (3), Mattick (4), Petersen (5), 
Maynard and MaCay (6) and Petersen, Palmer and Eckles (7). 
Milk as a glandular secretion and as a food is unique not only 
because it contains at least two biologically complete proteins, 
casein and lactalbumin, and a characteristic sugar, lactose, but 
also because it contains a fat that is composed of glycerides of 
oleic acid and of the entire series of saturated fatty acids up to 
stearic. Few of these compounds are ordinarily found in the food 
of the cow. Casein, lactalbumin, lactose and the lower fatty 
acids are apparently, therefore, products of the synthetic action 
of the mammary gland. The higher fatty acids, palmitic, stearic 
and oleic, appear to be derived for the most part from the blood 
lipids and hence from the fat of the diet. 

In a continuance of a series of investigations on the fate of 
highly unsaturated fatty acids in animal metabolism (8), the 
primary object of the present investigation was to trace definitely 
the passage of the characteristic highly unsaturated fatty acids of 
menhaden (fish) oil from the food into butter fat in the dairy cow. 
These acids consist of a mixture of the following (9): 


* Received for publication July 30,1930. 
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They may be easily identified by bromination as acids or methyl 
esters in cold ether, when white, insoluble polybromides are 
formed which may be analysed for bromine, and which, in the 
case of the methy] esters of the lower members of the series up to 
arachidonic, give characteristic melting points. These acids, 
further, are non-toxic and are deposited readily in the body fat 
of the rat (8) and the hog (10) when they are included in the diet. 
One of them, arachidonic, occurs normally in rat fat (11), human 
fat (12), and lard (13) in very small quantities. Comparatively 
large amounts of it occur in the lipids of the brain and some of the 
glandular tissues. 

A number of investigators have demonstrated the passage of 
abnormal fatty acids into butter fat when these acids are included 
in the diet. Caspari (14) found iodized fat in butter when the 
iodized fat was fed. Engel (15) claims to have found sesame oil 
in human milk after the oral ingestion of this oil. Bowes detected 
arachidic acid (C2.H,.O:) in goat butter twelve hours after peanut 
oil was eaten (16). Gogitidse (17) found that sheep after eating 
linseed oil gave milk fat containing as much as 33 per cent of the 
oil, and that this oil readily passed into human milk. Hempseed 
fat greatly depressed lactation. Channon, Drummond and Gold- 
ing (18) have recently studied the effect of cod liver oil on lacta- 
tion and quality of butter. In general their findings are con- 
firmed by the work reported below. It should be noted that 
chemically the cod liver oil used by these investigators is very 
similar to menhaden oil. 

In the present investigation a dairy cow after a six-day control 
period was fed on a diet containing considerable quantities of 
menhaden oil for fourteen days. After this period of experimental 
feeding the control diet was resumed for ten days. The general 
results of the fish oil feeding were to greatly reduce the milk pro- 
duction, the percentage of butter fat in the milk and total butter 
fat yield. Upon discontinuing the oil, partial recovery in milk 
yield occurred with complete recovery in the percentage of butter 
fat. As a result of chemical analysis of the butter fat samples, it 
was found that the normal butter of this cow yielded small 

-amounts of ether insoluble bromine addition products, a result 
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which was confirmed by the analysis of several specimens of com- 
mercial butter. A small amount of a highly unsaturated fatty 
acid occurs, therefore, in normal butter. This acid may be 
arachidonic, or a mixture of arachidonic with other acids and has 
not been described previously. During the period of fish oil 
feeding the quantity of polybromides obtained increased about 
six times, showing that small amounts of the fish oil acids passed 
into the butter. 


EXPERIMENTAL PART 
Details of feeding 


The feeding experiment was not completely satisfactory, mainly 
because of difficulty in getting the cow to eat the menhaden oil 
diet. Since, however, the main object of the work as stated above 
was attained, the results will be reported. 

A purebred Holstein, weighing 1340 pounds in her sixth month 
of lactation, was used in the experiment. For the preceding 
month she had averaged 18.5 pounds of milk per day, testing 3 
per cent butter fat. For the first six days of the experiment she 
was fed 6 pounds of basal mixture (Basal ration: 9 parts dried 
distillers grain, 5 hominy feed, 2 oats, 2 bran), 3} pounds of starch 
per day, and in addition 6 pounds beet pulp, $ pound molasses 
and no. 1 green alfalfa hay ad libitum. Milk samples were col- 
lected for two day periods, tested for butter fat, and separated. 
After six days of control ration (3 samples) 13 pounds of the men- 
haden oil (a commercial specimen of dark amber color of not 
unpleasant taste, except for its decided fishy odor) was substi- 
tuted for the starch, the rations being calorifically isodynamic. 
Difficulty was experienced in getting the cow to take the feed. 
The oil in the ration was then lowered until the cow found the 
mixture palatable, with an attempt to keep the ration of equal 
calorific value by increasing the allowance of molasses and beet 
pulp which also aided in making the food succulent. The animal 
was kept on the fish oil diet for fourteen days. Toward the end 
of the feeding period she became such a slow eater that corn silage 
was used in replacing part of the beet pulp, thus slightly increas- 
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ing the protein content of the ration. Since the oil consumption 
was necessarily variable the average daily consumption is shown 
in figure 1. It should be noted in this chart, as in other charts 
and tables given below, that the sample numbers represent two- 
day specimens. After fourteen days of oil feeding, the oil was 
withdrawn from the ration and starch again added. The effect 
was followed for an additional ten days. 


Pounds of Gi 


\ 
\ 
\ 


Average Amounts of Menhaden Oi! Consumed Daily 
Fig. 1 


Methods of Analysis 


Butter fat was estimated by the Babcock method. The cream 
from two-day specimens of milk was worked up for the butter fat, 
which was dried by warming under reduced pressure and filtered 
through cotton to remove any particles of curd. Iodine, saponi- 
fication, and Reichert-Meiss] numbers were determined on the 
fat by the usual methods. The remainder of the butter fat after 
analysis was converted into methyl esters by boiling eighteen 
hours with an excess of dry methyl] alcohol containing HC] gas in 
solution. The esters were distilled under reduced pressure (10 
mm.) and analysed. The remainder of the esters was brominated 
in cold ether, the ether-insoluble bromides removed by centrif- 
ugation, and thoroughly washed in the centrifuge bottle with 
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fresh cold ether. They were weighed and the polybromide num- 
ber (per cent yield of polybromides) was calculated. Bromine 
determinations were made by the Parr peroxide bomb method. 
Such small amounts of bromides were obtained from the control 
samples 1, 2, and 3 that these were combined for bromine analysis. 


DISCUSSION OF RESULTS 
Effect of milk production (fig. 2) 


The daily milk production during the six-day control period 
was at the 17-18-pound level. This decreased rapidly to 10.4 


7 
Vi‘ 
2 
= 
Effect of Oil Feeding on Mik Production 
Fie, 2 


pounds on the fish oil diet. Upon discontinuing the oil, recovery 
was slow, the output being only 12.5 pounds ten days after. 
Two weeks after the end of the experiment on the regular herd 
ration the yield was still only 12.1 pounds. A permanent drying 
off effect resulted under this experimental regime. 


Effect on percentage of butter fat and total butter fat (figs. 3 and 4) 


During the fish oil feeding period the butter fat dropped from 
3.0 to 2.1 per cent, with almost complete recovery during resump- 
tion of the control ration. Two weeks later butter fat was normal. 
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The effect of the oil on total butter fat production was even more 
marked with a drop from 1.1 pound of fat per day to 0.45 pound. 
The butter fat yield did not recover completely after fish oil was 
discontinued because of the drying-off effect mentioned previously. 

The data available are not sufficient to explain this very 
remarkable effect. Three causes might be given for the effect of 
the oil on the quality and quantity of the milk. (a) A relatively 
high fat content of the diet. This question has been discussed 
many times by previous investigators with no final conclusions. 
(6) The high vitamin content of the oil, especially vitamin D. 
While menhaden oil contains only about one-half the vitamin D of 
cod liver oil, the amount of this vitamin ingested was quite con- 
siderable and might account for the change. This specimen of 
oil was not tested for vitamin D. (c) The effect of the highly 
unsaturated acids. However, no deleterious physiological action 
has been observed previously on feeding menhaden oil. Rats 
have been fed on diets containing up to 30 per cent of this oil with 
no apparent harm. Our data offer no means of deciding these 
questions although we feel that D hyper-vitaminosis is the most 
likely cause. They are important not only to the dairyman but 
also to those interested in the nutrition of nursing women. The 
prescribing of cod liver oil and of viosterol (irradiated ergosterol, 
vitamin D) is a common practice with the medical profession. 
The effect of large doses of viosterol on the secretion of human 
milk may be very important and even harmful. 


Chemical changes in the butter fat (table 1) 


Chemically the butter fat during the control period was not 
unusual, except for the slightly higher than average iodine number. 
The results in table 1 are in agreement with the hypothesis that 
the fatty acid radicals of the food pass into the butter, appearing 
therein as glycerides. The body processes which account for the 
synthesis of the lower saturated fatty acids are probably not 
greatly modified. Instead, more molecules of higher fatty acids 
are present in the blood and in increased amounts pass into the 
butter. The result, therefore, of feeding an oil with a high con- 
tent of unsaturated fish oil fatty acids with high iodine number 


132 J. B. BROWN AND T. 8. SUTTON 


and molecular weight is to raise the iodine number of the butter 
as much as 20 points (50 per cent increase), to lower the saponifi- 
cation number, hence raise the molecular weight of the acids and 
to greatly lower the content of volatile soluble acids by increasing 
the content of the higher acids. The analytical data on sample 
(7), for example, were so changed from the normal that analyti- 


TABLE 1 
Analyses of butter 


1 41.40 224.68 25.9 
2 41.89 224.22 25.0 
3 42.42 224.69 26.7 
Fish oil begins 
4 45.89 222.35 23.1 
5 48 .52 222.63 23.4 
6 62.78 218.02 20.5 
59.71 219.18 17.7 
8 62.41 218.35 17.6 
9 60.45 219.65 19.6 
10 57.65 217.36 19.0 
Fish oil ends 
ll 53.49 214.60 17.0 
12 47.78 215.68 17.1 
13 43.76 217.30 17.9 
14 41.87 217.93 19.0 
15 40.67 220.92 20.3 
Menhaden oil 176.61 187.5 1.644 


cally the fat was not butterfat. This specimen actually remained 
liquid in the laboratory for several days. A very marked but not 
complete return of analytical data to normal occurred after the 
oil feeding was stopped. 

The methy] ester analyses (table 2) are significant mainly with 
respect to polybromide number and percentage of bromine in the 
bromide determinations. We were surprised to find that the 
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three control samples gave appreciable yields of ether-insoluble 
bromides (an average polybromide number of 0.427). Calculated 
as arachidonic acid by the method described previously (19) this 
would amount to about 0.54 per cent of this acid in the esters. 
The bromine analysis, 67.12 per cent, was, however, 0.34 per cent 
too high for methyl octobromoarachidate (66.78), while the aver- 
age for samples 4, 5, 8, and 9 was 68.14, an increase of 1.02 per cent 
due to the menhaden oil. The maximum polybromide number 


TABLE 2 
Analyses of the methyl esters of butter 
rope | | | run cunt 
1 39.25 207 .47 0.385 
2 40.32 204.31 0.442 
3 38.36 205.83 0.453 67.12 
Fish oil feeding begins 
4 42.18 205.23 0.651 66.98 
5 50.39 206.72 0.586 67.44 
6 62.72 205.61 1.765 64.91 
8 62.17 207.20 2.590 69.33 
9 58.62 207 .32 2.047 68.81 
10 56.08 205.18 1.416 
Fish oil feeding ends 
12 46.08 204.16 0.645 67.62 
14 41.87 205.33 0.595 68.57 
Menhaden oil 172.60 187.02 53.5 69.50 


was given by sample 9, i.e., 2.59, an increase of about six times due 
to the fish oil. After ten days of control diet the polybromide 
number returned nearly to its original value although the bromine 
analysis was still high. 

The appearance of ether-insoluble bromides in samples 1, 2, 
and 3 indicated the presence in butter of an acid similar to arachi- 
donic. This conclusion was further verified in three specimens of 
commercial butter. A 5 pound specimen (Fairmont Creamery), 
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for example, gave methy] esters (iodine number 33.45, saponifica- 
tion number, 208.9) which yielded a polybromide number of 0.24, 
with 66.97 per cent bromine. These esters contained, therefore, 
about 0.30 per cent of acid calculated as arachidonic. The ques- 
tion of the identity of this acid was made doubtful, however, by 
its melting point behavior. Pure methyl octobromoarachidate 
melts rather sharply at 228° to 230° (uncorrected). The bromides 
obtained from the butter were compared with a specimen of the 
pure bromide, and were found to only partially melt at 234° to 
235° with gas formation which along with the slightly high brom- 
ine analysis suggests the presence of more highly unsaturated 
acids. We have demonstrated, therefore, the presence in normal 
butter of a fatty acid similar to arachidonic, possibly a mixture of 
this acid with others more unsaturated. The complete identifica- 
tion of this acid or mixture would require working up of 50 to 100 
pounds of butter, and was not further studied. It should be 
stated here that several other specimens of butter were tested for 
arachidonic acid with results that were similar but usually slightly 
higher. 
SUMMARY 


1. The feeding of menhaden oil to a dairy cow lowered milk 
production, the percentage of butter fat, and total butter fat. 
After resumption of control diet recovery to normal took place 
slowly. ‘There was a tendency toward drying off the animal. 

2. The characteristic highly unsaturated acids of the menhaden 
oil passed into the butter fat in small amounts. 

3. The analytical constants of the butter changed to those of a 
mixture of butter with menhaden oil. 

4. Several specimens of normal butter have been shown to 
contain small quantities (0.3 per cent) of a highly unsaturated 
fatty acid similar to arachidonic acid. 
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THE EFFECT OF DILUTION ON THE TITRATABLE 
ACIDITY OF COWS’ MILK* 


H. H. SOMMER anv JULES MENOSt 
Department of Dairy Husbandry, University of Wisconsin 


In determining the titratable acidity of milk various procedures 
are used. Some titrate the milk directly; others dilute the 
measured sample with definite amounts of water ranging from 1 
to¥10 volumes; still others dilute the measured sample with 
indefinite amounts of water used for rinsing the pipette. If such 
dilution affects the result as various investigators have reported, 
then this factor in the “acid test’’ should not be ignored as is 
now very commonly the case. 

The writers’ attention was directed to this subject by several 
instances. In one case, discrepancies in the titratable acidities 
reported on the same samples of milk by two different laboratories 
were traced to the fact that one of the laboratories titrated the 
milk without dilution, while the other diluted the measured 
samples with two volumes of water. In another case, several 
large milk plants frequently referred to their milk as having 
acidities of 0.10 to 0.12 per cent; and comparing the acidities with 
those mentioned in neighboring plants (0.15 to 0.17 per cent), the 
operators had come to the false belief that their milk supply was 
superior. It was found that they determined the titratable 
acidity by titrating 9 cc. of milk plus 90 cc. of distilled water. 
These instances admirably illustrate the unfortunate consequences 
of ignoring dilution as a factor in the “acid test.” 

As a consequence of the above observations, the present work 
was undertaken. The results in the literature seem quite conclu- 
sive, but further emphasis of this subject appeared desirable. 


* Published with the permission of the Director of the Wisconsin Agricultural 
Experiment Station. Received for publication July 31, 1930. 
t This article is based on the experimental work of the Master of Science 
thesis, University of Wisconsin, June, 1930, by the junior author. 
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TABLE 1 
The effect of dilution on the titratable acidity as shown by various investigators 
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Siegfeld 


1888 


1904 


1904 


0.1520 
0.1350 


INVESTIGATORS | YEAR | DIFFERENCE 
(Dilution with 1 volume of water) 
per cent per cent per cent 
1 0.1305 0.1192 0.0113 
Berberich 1907 2 0.1462 0.1205 0.0257 
3 0.1305 0.1125 0.0180 
Séldner 1888 1 0.1350 0.1225 0.0125 
‘ 1 0.2070 0.1800 0.0270 
1808 2 0.1467 | 0.1287 | 0.0180 
1 0.1233 0.1044 0.0189 
Minne mes { 2 0.1467 | 0.1287 | 0.0180 
(Dilution with 2 volumes of water) 
1 0.1305 0.1102 0.0203 
. 2 0.1462 0.1237 0.0225 
Besberioh 3 0.1305 | 0.1080 
4 


0.1282 


0.0990 


0.1630 
0.1260 


0.0972 
0.1206 
0.1278 
0.1287 
0.5742 


(Dilution with 3 volumes of water) 


Berberich 


1907 


1 0.1305 0.0990 0.0315 
Berberich 1907 2 0.1462 0.1170 0.0292 
3 0.1305 0.1125 0.0180 
(Dilution with 4 volumes of water) 
0.1305 0.0945 0.0360 


| 
Séldner 1 0.0360 i 
0.2070 | 0.0440 
0.1233 0.0261 
0.1467 0.0261 
Hanne | 0.1548 0.0270 
0.1611 0.0324 
0.5778 0.0026 
0.1452 0.1125 0.0327 
0.1305 | 0.0045 | 0.0360 
0.1520 0.1125 0.0395 
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TABLE 1—Concluded 


INVESTIGATORS | YEAR DIFFERENCE 
(Dilution with 5 volumes of water) 
per cent per cent per cent 
Séldner 1888 1 0.1350 0.0832 0.0518 
(Dilution with 10 volumes of water) 
3 0.216 0.149 0.067 
1 0.185 0.122 0.063 
26 0.180 0.104 0.076 
Rice and 1927. 4 2 0.176 0.117 0.059 
Markley + 0.168 0.113 0.055 
15 0.095 0.054 0.041 
t 18 0.086 0.050 0.036 


A further aim of the present study was to offer a more detailed 
explanation of this dilution effect. 


REVIEW OF LITERATURE 


That the addition of water to the measured sample of milk 
lowers the titratable acidity has been shown by Séldner (1), 
Plaut (2), Hanne (3), Siegfeld (4), Berberich (5), Rice and Mark- 
ley (6) and others. The results reported by these investigators 
have been compiled in table 1, and show that dilution lowers the 
titratable acidity and that this effect becomes progressively more 
pronounced as the dilution is increased. 

It is of interest to note that Berberich studied the effect of 
dilution on both milk, and milk plus neutral potassium oxalate. 
In the former, dilution lowered the titratable acidity, but in the 
latter, dilution was practically without effect. 

Several explanations have been offered for the effect of dilution 
Séldner attributed it to the hydrolysis of the calcium caseinate. 
Rice and Markley concluded that it is due to the hydrolysis of 
both the caseinates and phosphates, Barthel (8) explains it 
through the use of an equilibrium equation: 


3 Ca++ + 2HPO;~ = Ca,(PO,): + 2 Ht 
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stating that dilution shifts the equilibrium in such a manner that 
the titratable acidity and hydrogen ion concentration are de- 
creased. One of us (9) attributed the effect of dilution to a 
decrease in the amount of tri-calcium phosphate precipitated 
during the titration. Thus we may conclude that while there 
is good agreement among investigators as to the effect of dilution, 
there is no general accepted explanation of this effect. 


EXPERIMENTAL 
The magnitude of the dilution effect 


In order to demonstrate the effect of dilution, the titratable 
acidities of a number of fresh milk samples were determined and 
compared with the acidities found in the same samples after 
dilution with 1 volume and 9 volumes of distilled water. 

The milk samples used were obtained from the University 
herd; they were taken from individual cows of four different 
breeds in order to obtain relatively wide differences in composi- 
tion and in titratable acidity. Precautions were taken to prevent 
any developed acidity. 

In the case of each sample, the following titrations were made 
with n/10 sodium hydroxide: (1) 10 ce. milk, (2) 10 ec. milk 
plus 10 ce. distilled water, and (3) 10 cc. milk plus 90 ce. distilled 
water. A one per cent alcoholic solution of phenolphthalein 
was used as the indicator; 3 drops were used for the 10 cc. milk, 
and where water was added the amount of indicator was increased 
in proportion. The titrations were carried to the first definite, 
and relatively permanent shade of pink. The cubic centimeters 
of n/10 sodium hydroxide used were converted into percentage of 
lactic acid, assuming for convenience that the 10 cc. pipette 
delivered 10 grams of milk. 

The results obtained with 19 different samples of milk are given 
in table 2. The three titrations in the order given above showed 
averages of 0.1721, 0.1493, and 0.1098 per cent lactic acid, 
respectively. These results represent a decrease in titratable 
acidity of 0.0228 per cent when the milk was diluted with an 
equal volume of water, and a decrease of 0.0623 per cent when 
diluted with 9 volumes of water. Fourteen other samples were 
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titrated undiluted and diluted with an equal volume of water 
with essentially the same results; the average acidity of the 
undiluted samples was 0.1831 per cent, as compared with an 
average of 0.1643 per cent when the same samples were diluted 
with an equal volume of water. As an average of the 33 samples, 


TABLE 2 
The effect of dilution on the titratable acidity of milk 
10 cc. MILE WATER WATER 
OF COW 
x/10 NaOH| Acidity | | Acidity | | Acidity| AB | AC 
ce. per cent ec. per cent ee, percent | percent | per cent 
99 1.3 0.117 1.10 | 0.099 0.70 | 0.063 | 0.018 | 0.054 
23x 1.4 0.126 1.10 | 0.099 0.75 | 0.067 | 0.027 | 0.059 
39 1.5 0.145 1.25 | 0.112 0.95 | 0.085 | 0.033 | 0.060 
81 1.5 0.145 1.30 | 0.117 0.95 | 0.085 | 0.028 | 0.060 
6 1.5 0.145 1.35 | 0.121 1.00 | 0.090 | 0.024 | 0.065 
73 1.85 | 0.166 1.60 | 0.144 1.20 | 0.108 | 0.022 | 0.058 
3y 1.9 0.171 1.70 | 0.153 1.20 | 0.108 | 0.018 | 0.063 
2y 1.9 0.171 1.70 | 0.153 1.30 | 0.117 | 0.018 | 0.054 
1 1.9 0.171 1.70 | 0.153 1.30 | 0.117 | 0.018 | 0.054 
12 1.9 0.171 1.75 | 0.157 1.30 | 0.117 | 0.014 | 0.0% 
2x 1.9 0.171 1.65 | 0.148 1.20 | 0.108 | 0.023 | 0.063 
ll 1.9 0.171 1.70 | 0.153 1.25 | 0.112 | 0.018 | 0.059 
25 2.0 0.180 1.80 | 0.162 1.20 | 0.108 | 0.018 | 0.072 
12 2.0 0.180 1.75 | 0.157 1.30 | 0.117 | 0.023 | 0.063 
21 2.2 0.198 2.00 | 0.180 1.40 | 0.126 | 0.018 | 0.072 
27 2.2 0.198 1.90 | 0.171 1.40 | 0.126 | 0.027 | 0.072 
14 2.3 0.207 2.00 | 0.180 1.50 | 0.185 | 0.027 | 0.072 
35 2.4 0.212 2.00 | 0.180 1.60 | 0.144 | 0.032 | 0.068 
20 2.5 0.225 2.20 | 0.198 1.70 | 0.153 | 0.027 | 0.072 
Average. . .| 0.1721 0.1493 0.1098 | 0.0228 | 0.0623 


dilution with an equal volume of water decreased the titratable 
acidity 0.0211 per cent. The results obtained are in good agree- 
ment with those found in the literature as given in table 1. 


Calcium phosphate and the dilution effect 


In view of Berberich’s finding that dilution of oxalated milk 
did not affect the titratable acidity, and in view of the explana- 
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tions for the dilution effect by Sdédldner, Rice and Markley, 
Barthel, and one of us, it was decided to study the behavior of 
solutions containing calcium and phosphates, to determine their 
behavior during titration, with and without dilution. 

As a preliminary experiment, four solutions were prepared and 
titrated, undiluted and diluted with 9 volumes of water. The 
solutions were: (1) 2.537 grams mono-calcium phosphate and 
1.866 grams calcium chloride per liter, (2) 2.537 grams mono- 
calcium phosphate per liter, (3) 1.866 grams calcium chloride per 
liter, and (4) a lactic acid solution, approximately n/5. The 
results are given in table 3. Solution 1 contained 0.15 per cent 


TABLE 3 
The effect of dilution on titratable acidity of various solutions 


SOLUTION TITRABLE ACIDITY 
Number Composition, grams per liter 25 ce. 
25 ee. undiluted) A- 
cc. NaOH | cc. n/10 NaOH 
1 2.537 grams Ca(H:PO,). + 8.65 7.45 —1.20 
1.866 grams CaCl, 
2 2.537 grams Ca(H:PO,). 6.30 5.90 —0.40 
3 1.866 grams CaCl, 0.10 0.95 +0.85 
+ Approximately N/5 lactic 46.20 47.10 +0.90 
acid 


CaO and 0.15 per cent P.O; and is therefore fairly representative 
of the calcium and phosphate content of milk. Solutions 2 and 
3 respectively represent the amounts of mono-calcium phosphate 
and calcium chloride required to make Solution 1, but dissolved 
separately. Solution 4, lactic acid, was included as a matter of 
interest. 

In the case of Solutions 3 and 4, dilution increased the titratable 
acidity; this result can readily be explained on the basis of 
hydrolysis. Solution 2, mono-calcium phosphate, showed a 
decrease in acidity on dilution; this might conceivably also be 
explained on the basis of hydrolysis, but it should be recorded 
that precipitation was observed during the titration, and the 
amount of precipitate was apparently less in the diluted sample. 


‘ 
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A significant indication is gained from a comparison of Solutions 
1, 2, and 3, titrated undiluted. Solution 2 had a titer of 6.3 cc., 
and Solution 3 had a titer of 0.1 cc.; yet when the two were com- 
bined as in Solution 1, a titer of 8.65 cc. N/10 NaOH was obtained. 
Similarly these solutions, titrated after dilution with 9 volumes 
of water, give a significant indication. Solution 3, calcium chlo- 
ride, had an increased titer on dilution, yet when this amount of 
calcium chloride was added to Solution 2 to produce Solution 1, a 
greater decrease in titer on dilution resulted (compare the de- 
crease in titer due to dilution in Solutions 1 and 2). As will be 
discussed more fully later, these results can be explained only on 
the basis of tri-calcium phosphate precipitation. 

In order to demonstrate the behavior of solutions containing 
calcium and phosphates more clearly, electrometric titrations of 
Solution 1 were undertaken. In the preliminary electrometric 
titrations it was found that precipitation of tri-calcium phosphate 
occurred, that the precipitation was quite slow and that there is a 
decrease in the pH of the solution as precipitation progresses. 
Wendt and Clarke (10), and Holt, LaMer, and Chown (11) have 
reported a similar observation; in electrometric titration of similar 
solutions these investigators found it necessary, after each addi- 
tion of alkali, to wait several days before making the pH reading, 
if consistent results were to be obtained. 

As a result of the above, the following procedure was adopted: 
A series of samples was prepared by placing 25 ce. of Solution 1 
into each of 25 screw cap jars, and adding accurately measured 
amounts of n/10 NaOH in such a manner as to produce a series 
of samples with successively larger additions of NaOH from 0 to 
10 cc. A similar series of samples was prepared but containing 
25 ec. of Solution 1 and 225 ce. of distilled water. The jars, 
securely closed to prevent evaporation, were allowed to stand 
about 12 hours; from each jar a portion of the clear solution was 
then pipetted off, taking care not to include any precipitate, and 
used for the pH determinations. The precipitate, in those cases 
where any had formed, was collected by filtering through a 
weighed Gooch crucible, using the clear filtrate to complete the 
transfer from the jar. The crucibles were then dried to constant 
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weight. The results are given in figure 1, showing both the 

electrometric titration curves and the amounts of precipitate. 
It will be noted in figure 1 that there is a break in each of the 

titration curves, a decrease in pH in spite of an increase in the 


4 6 8 10 
Cc. Yo NaOH 


Fig. 1. TrrrRatTion AND PRECIPITATION CURVES OF A MONO-CALCIUM PHOSPHATE- 
caLciuM CHLORIDE SoLuTION TiTRATED UNDILUTED AND DILUTED WITH 
NinE VoLuMEs OF WATER 


amount of sodium hydroxide added, and that this break coincides 
with the occurrence of the precipitate. Further, the break occurs 
much earlier in the undiluted mono-calcium phosphate-calcium 
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chloride solution than in the solution diluted with 9 volumes of 
water. It is clear that the precipitation of tri-calcium phosphate 
plays a significant réle in the titration of such solutions. 
Although not strictly related to the present subject, it is of 
interest to note here that when freshly prepared portions of 
Solutions 1 and 2 were heated at 62.8°C. for 30 minutes, Solution 2 
showed only a slight precipitate while Solution 1 showed an appre- 
ciable precipitate. The reaction of Solution 2 changed from pH 
6.64 to 5.18, and Solution 1 from pH 6.72 to 4.85. These results 
suggest an explanation for the results observed by Van Slyke 
and Baker (12) that the reaction of milk remains unchanged by 
pasteurization in spite of the escape of carbon dioxide, while 
in carbon dioxide free milk, pasteurization causes a decrease in pH. 
A precipitation of tri-calcium phosphate would cause a decrease 
in pH but the loss of carbon dioxide from the milk has the opposite 
effect; when carbon dioxide free milk is pasteurized, the effect of 
tri-calcium phosphate precipitation then becomes evident. 


The phenolphthalein end-point and the dilution effect 


On determining the reaction of undiluted and diluted milk 
samples after they had been titrated to the phenolphthalein end- 
point in the usual manner, it was found that the pH in the case 
of diluted samples was lower. As a result, a number of milk 
samples were titrated to the phenolphthalein end-point as already 
described, but using 25 cc. of milk for the undiluted samples and 
25 cc. milk plus 225 ce. distilled water for the diluted samples. 
After the samples had been carefully titrated to the same shade 
of pink as judged by the eye, the reaction was determined electro- 
metrically, using the hydrogen electrode. The results are given 
in table 4, and show that the end-point is reached at an apprecia- 
bly lower pH in the diluted samples. 

The reason for the above differences in reaction at the end-point 
in undiluted and diluted milk was sought in the effect of salts 
and proteins on the phenolphthalein; dilution would reduce the 
“salt and protein errors.” The reaction at the phenolphthalein 
end-point was determined in four samples of milk, titrated, diluted 
with 9 volumes of water, and diluted with 9 volumes of a 0.7 per 
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TABLE 4 
The reaction at the phenol phthalein endpoint in undiluted and diluted milk samples 
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DIFFERENCE, pH 
Co. NaOH | Phenolphthalein | Co. x/10 NaOH | Phepolphthaicin 
5.2 8.59 4.2 7.72 0.87 
5.2 8.48 4.4 7.97 0.51 
5.3 8.61 4.3 7.94 0.67 
5.5 8.46 4.9 8.30 0.16 
5.6 8.63 5.0 8.24 0.39 
5.25 8.34 3.9 8.22 0.12 
5.6 8.39 3.9 8.16 0.23 
5.85 8.73 4.7 8.15 0.58 
6.05 8.49 4.0 8.01 0.48 
6.0 8.39 4.0 8.16 0.23 
6.2 8.42 4.8 8.07 0.35 
6.45 8.67 4.5 7.97 0.70 
TABLE 5 
Effect of casein on the phenolphthalein endpoint 
UNDILUTED CASEIN CASEIN SOLUTIONS + 9 
COMPARISON NUMBER | DIFFERENCE 
PH ENDPOINT, pH 

1 8.30 8.10 0.20 

2 8.49 8.32 0.17 

3 8.51 8.25 0.26 

4 8.62 8.34 0.28 

5 8.49 8.30 0.19 

6 8.62 8.34 0.28 

7 8.73 8.19 0.54 

8 8.63 8.04 0.59 

9 8.57 8.15 0.42 

10 8.47 8,25 0.22 

ll 8.52 8.24 0.28 

12 8.50 8.32 0.18 

13 8.69 8.35 0.34 


cent common salt solution. The samples diluted with water had 
reactions at the phenolphthalein end-point as follows: pH 8.01, 
8.16, 8.16, and 8.22. The same samples diluted with 0.7 per cent 
common salt solution had reactions as follows: pH 7.92, 7.94, 


4 
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7.93, and 8.06. Thus at the higher salt concentration, the end- 
point is reached at a slightly lower pH, than diluted milk. The 
effect of casein concentration on the end-point was observed by 
titrating casein solutions, undiluted and diluted with 9 volumes 
of water, and determining the reaction at the end-point. The 
casein solution used, was made by dissolving 4 grams of purified 
casein in 100 cc. lime water, dialyzing 24 hours, and neutralizing 
to pH 6.60 with n/10 HCl-/20 sodium citrate solution. The 
undiluted and diluted casein solutions were titrated at the same 
time in each comparison in order to match the end-points as 
closely as possible. Thirteen such comparisons were made, and 
in each case the end-point in the diluted casein solution was 
reached at a lower pH. The results are given in table 5. The 
effect of casein concentration on the end-point of the indicator 
accounts for the greater part of the difference in the pH at the 
end-point in undiluted and diluted milk. 

The above experiments should be regarded as preliminary; 
more experiments on the effect of other milk salts and proteins on 
the phenolphthalein end-point, are desirable, but time did not 
permit their undertaking. 


DISCUSSION 


The results on the effect of dilution on the titratable acidity of 
milk, as found in this work, (table 2) are in good agreement with 
those reported in the literature (table 1). Dilution of the 
measured sample of milk with an equal volume of distilled water 
was found to lower the titratable acidity 0.211 per cent; dilution 
with 9 volumes of water lowered it 0.0623 per cent. 

An important factor in this effect of dilution is the decreased 
precipitation of tri-calcium phosphate during the titration. A 
solution representative of milk with respect to calcium and 
phosphate content (Solution 1, table 3) also showed a decreased 
titer on dilution with 9 volumes of water; the decrease in titer was 
equivalent to 0.043 per cent lactic acid. That this decreased 
titer is due to less tri-caleium phosphate precipitation is indicated 
by the results given in figure 1. 

The manner in which the precipitation of tri-calcium phosphate 
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affects the titratable acidity is indicated more clearly by figure 2, 
reproduced from the work of Holt, LaMer and Chown. Figure 2 
gives the titration curves of phosphoric acid, titrated with sodium 
hydroxide and calcium hydroxide. It will be noted that in the 
titration with sodium hydroxide, the first equivalent of phosphoric 
acid has been neutralized at about pH 4.5, and the second at pH 
8.8. This well known titration curve leads to the common 
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Fig. 2. Trrration Curves oF PoospHoric Acip TITRATED WITH Soprum Hyprox- 
IDE AND Catcium HypRoxIpDE 


(Reproduced from Holt, LaMer and Chown) 


statement that in the titration of phosphoric acid or acid phos- 
phates, we have titrated only to the di-basic salt at the phenol- 
phthalein end-point. However, in the titration with calcium 
hydroxide, it will be seen from figure 2 that all three of the acid 
hydrogens of the phosphoric acid have been titrated long before 
the pH of the phenolphthalein end-point has been reached. This 
can only occur only because of the precipitation of tri-calcium 
phosphate. 
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The precipitation of tri-caleium phosphate can occur only if 
there are tertiary phosphate ions present. It is a common error 
to say that below pH 4.5 there are no secondary phosphate ions, 
and below pH 8.8 there are no tertiary phosphate ions present in 
the solution (see fig. 2). The presence of tertiary phosphate ions 
below pH 8.8 must necessarily obtain as shown by calculations 
from the dissociation constants of phosphoric acid. It is true 
that the tertiary phosphate ion concentration may be insignificant 
and can be ignored for such purposes as calculating buffer mix- 
tures, but when the progressive removal of tertiary phosphate 
ions by precipitation is involved, even a very small concentration 
of such ions becomes of utmost significance. 


TABLE 6 
Calculated tertiary phosphate ron and calcium ion concentrations in milk at various 
reactions 


(H*) 


(Cat*)? x (PO;~~)? 


3.12 X 107” 
1 X 10-7 
3.12 X 10-8 
1 X 10-8 
3.12 X 1075 


6.554 X 107° 
3.514 X 10-* 
1.477 X 107? 
5.058 X 107? 
1.673 X 


5.304 10-* 
1.515 X 107*! 
2.694 X 10-*° 
3.159 X 10-19 
3.157 X 107"8 


To illustrate the above and to give us a more definite basis for a 
discussion of the dilution effect, the calculations given in table 6 
have been made. In these calculations it has been assumed that 
the P.O; content of milk is 0.15 per cent and that the phosphates 
are 70 per cent dissociated, and that the calcium oxide content is 
0.15 per cent and that only 40 per cent is diffusible and dissociated. 
Thus the total phosphate ion concentration is assumed to be 1.50/ 
71 X 0.70 or 0.01477 molar, and the calcium ion concentration is 
assumed to be 1.50/56 x 0.40 or 0.0107 molar. The tertiary 
phosphate ion concentration was calculated from the dissociation 
constants, k, and k;, of phosphoric acid. 

The calculations involved are illustrated by the following calcu- 
lation for pH 6.5 (H+ = 3.12 x 10-7). From kz (1.95 x 10-*) 


pH | 
6.5 1.07 X 107? 
7.0 1.07 X 107? 
7.5 1.07 X 107? 
8.0 1.07 X 107? 
8.5 1.07 X 107? 
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we know that the ratio of primary to secondary phosphate ion 
concentrations must be: 


(H:PO7) 3.12 x 107 
1.95 X 107 (HPOz-) 1.95 x 107 


Knowing the ratio of primary to secondary phosphate ion con- 
centrations, and having assumed that the total phosphate ion 
concentration is 0.01477, we can now compute the secondary 
phosphate ion concentration. In this step of the calculation we 
can ignore the tertiary phosphate ion concentration without 
introducing a significant error. If the total phosphate ion con- 
centration is 0.01477 and if there are 3.12 parts of primary to 1.95 
parts of secondary phosphate, then the secondary phosphate ion 
concentration will be: 


1.95 
3.12 + 1.95 


From this figure and from k; (3.6 < 10-") we can now calculate 
the tertiary phosphate ion concentration at pH 6.5, as follows: 


(Ht) _ (HPO;") 
3.6 X 10 


Substituting 3.12 x 10-7 for (H+), and 0.00568 for (HPO,--) 
and calculating for (PO,---), we get (PO.,---) = 6.554 x 10-°*. 
Similarly the concentrations of tertiary phosphate ions may be 
calculated for the other reactions shown in the table. 

The solubility product of tri-calcium phosphate has been in- 
vestigated by Holt, LaMer and Chown (11) and by Sendroy and 
Hastings (13) in connection with blood serum at 38°C. They 
found that the solubility product is influenced by the presence 
of other salts; values have been reported ranging from 1 x 10-* 
to 1 X 10-*-5, We are not justified in applying these values to 
milk for exact calculations but to demonstrate in a qualitative 
sense what we may expect in milk is justified. For such a pur- 
pose we may take (Ca++)? x (PO,--)? = 1 xX 10-*, as the 
solubility product of tri-calcium phosphate. Compare the figures 
in the last column of table 6 with this value; it will be noted that 


X 0.01477 = 0.00568 
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even at pH 6.5, the calculated (Cat++)* x (PO,---)? value exceeds 
the above solubility product, and that with increases in the pH, 
the calculated values become still greater. The conclusion is 
that precipitation of tri-calcium phosphate must be expected 
during the titration of milk. 

The precipitation of tri-calcium phosphate increases the titrata- 
ble acidity, because, by the removal of tertiary phosphate ions 
by precipitation, the equilibrium equation, 


HPO;- = H* + PO;-- 


proceeds to the right; the result is that the third acid hydrogen 
must be neutralized to the extent that the tertiary phosphate 
ions are removed by precipitation. 

If the milk is diluted to ten times its original volume by the 
addition of 9 volumes of distilled water, the tertiary phosphate ion 
and calcium ion concentrations will be lowered to approximately 
one-tenth of their former value. Precipitation will therefore 
occur later in the titration and will be considerably less at the 
phenolphthalein end-point. The result is a lower titratable 
acidity. 

The calculations on which the above conclusion is based, in- 
volve assumptions as to the calcium ion concentration, the tertiary 
phosphate ion concentration, and the solubility product of tri- 
calcium phosphate. These assumptions might be varied appre- 
ciably without impairing the validity of the above conclusion. 
For example, even if we assume that the calcium ion concentration 
of milk is only 1 per cent of the total calcium content, or (Cat) = 
2.8 X 10-4, as Whittier (15) concluded on the basis of calcula- 
tions, the above calculations will still indicate precipitation of 
tri-calcium phosphate during the titration to the phenolphthalein 
end-point. The calculations given above are intended only for 
the purpose of making the discussion concrete; the object of the 
discussion is to point out the qualitative facts that precipitation 
of tri-calcium phosphate is favored as the pH is increased, and 
that less precipitation of tri-calcium phosphate takes place in 
more dilute solutions, and to indicate that these facts are involved 
in the titration of milk. 
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While this work does not include any experimental results on 
the effect of casein in the presence of calcium, there are indications 
that the acidity contributed to the milk by the casein is influenced 
by the calcium content in a manner similar to the phosphates. 
Casein acts as a weak polybasic acid, the successive dissociations 
of which are favored by increases in pH. As a result, casein is 
capable of combining with additional bases as the neutralization 
progresses, and thus it contributes to the titratable acidity of milk 
as Rice and Markley (6) have shown. However, if there is a 
difference in the solubility of the caseinates of various bases, then 
the titratable acidity contributed by the casein may be affected 
by the bases present in a manner similar to the phosphates. 

That there is a difference in the solubility of calcium caseinate 
and sodium caseinate is indicated by the fact that in the presence 
of both bases, the calcium caseinate is formed. Further evidence 
is furnished by the work of Osborne (7) who found that calcium 
caseinate did not filter through a Pukall filter, but on the addition 
of even small amounts of ammonium or potassium oxalate to such 
a caseinate solution, the filtrate showed the presence of casein; 
when sufficient oxalate was added and the solution allowed to 
stand for several days, the filtrate contained all of the casein. 

If we regard the calcium caseinates as insoluble, then we must 
expect that the caseinates will behave in a manner entirely analo- 
gous to the phosphates. Porcher (14) has performed experiments 
which bear quite directly on this subject; he found as follows: 


amounts oF CaCh appEp ADDED TO — ADDED To 1 Ca CASEINATE 
grams pH pH 
0.0 5.08 6.62 
1.0 6.08 6.42 
2.0 6.58 6.49 


The addition of calcium chloride to water increased the pH, 
while the addition of the same amount of calcium chloride to 
calcium caseinate caused a decrease in pH. A possible explana- 
tion of this result is that the addition of the calcium ions caused 
the formation of less soluble calcium caseinates with a resulting 
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further dissociation of the casein in a manner analogous to the 
behavior of the phosphates. 

As has already been pointed out, Berberich’s work showed that 
the dilution effect involves the calcium salts; the titratable acidity 
of oxalated milk was not affected by dilution. Berberich also 
found that rather large additions of oxalate are required before 
the fullest effect of such additions are realized. These facts 
suggest that in addition to phosphates, there is some other sub- 
stance, probably casein, involved with the calcium in the titration 
of oxalated milk and in the dilution effect. If only calcium in 
relation to phosphates were involved, it would seem that a 
relatively small addition of oxalate should suffice; because of 
the rather low solubility product of calcium oxalate and the low 
concentration of tertiary phosphate ions, large additions of oxa- 
late should not be necessary to prevent the precipitation of tri- 
calcium phosphate. These considerations lend support to the 
belief that a calcium to casein relationship is involved in the 
dilution effect. Further experimental evidence on this point 
would be desirable. 

Another factor responsible for the lower titratable acidity of 
diluted milk samples is the observed fact that the pH at the 
phenolphthalein end-point is always considerably lower in the 
diluted samples. Not enough work was done to determine 
exactly the cause for this observation, but indications are thatthe 
main cause is the effect of the proteins on the end-point of the 
indicator. A high protein concentration shifts the end-point to 
a higher pH; diluting therefore lowers the pH at the end-point. 

Another factor that has been suggested in explanation of the 
lower titratable acidity of diluted milk samples is the increase in 
pH when milk is diluted with water. The thought apparently is 
that since dilution of the milk increases the pH slightly, not as 
much alkali will be required in the titration because the reaction 
is slightly closer to the phenolphthalein end-point to begin with. 
This logic is fallacious as can be demonstrated on the basis of 
theoretical considerations; it is sufficient here to point out that 
dilution of an approximately n/5 lactic acid solution (as in table 
3) certainly increases the pH, but the titratable acidity is 
increased. 
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While the main object of this study was to determine and 
explain the effect of dilution on the titratable acidity of milk, the 
facts revealed by the experiments enable us to explain other 
phenomena, viz. (a) the fading of the end-point in titrating milk, 
(b) the titratable acidity of condensed milk, and (c) the neutrali- 
zation with lime. 

It is a common experience in titrating milk to observe that the 
pink color of the phenolphthalein end-point fades quite rapidly. 
This is commonly explained by saying that carbon dioxide is 
absorbed from the air, but the inadequacy of this explanation is 
indicated by the fact that other solutions, which are quite as 
good solvents for carbon dioxide, are not subject to such rapid 
fading. A more logical explanation for the rapid fading is based 
on tri-calcium phosphate precipitation. Results given here and 
in the literature show that milk or a phosphate solution will 
become more acid (lower pH) as a result of phosphate precipita- 
tion. The results of Wendt and Clarke (10), verified in the 
present study, show that several hours are required for this 
precipitation to reach equilibrium. Hence the explanation for the 
fading is as follows: When the milk has been brought to the pink 
color, the precipitation of the tri-calcium phosphate has not 
reached equilibrium, further precipitation occurs within a com- 
paratively short time and the resulting drop in pH explains the 
fading. 

The titratable acidity of concentrated milk is usually higher than 
calculated from the ratio of concentration and the acidity of the 
original milk. This is true in spite of the fact that carbon dioxide 
is known to have been expelled in the condensing process. This 
observation is to be explained by the same factors involved in the 
dilution effect, but in this case we are dealing with an increased 
concentration and these factors therefore cause an increased 
titratable acidity. 

In the neutralization of milk or cream with lime of definitely 
known alkalinity, it is common to note that the acidity attained 
is not as low as calculated. This is due to the fact that the 
addition of lime increased the calcium ion concentration with the 
result that in subsequent titrations there is more tri-calcium 
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phosphate precipitated and hence a higher titratable acidity is 
obtained than was calculated from the original titration and the 
known amount of lime added. It is for a similar reason that 
titrating milk with standard barium hydroxide solution leads 
to higher titratable acidities than titration with sodium hydrox- 
ide, as shown by Siegfeld (4), and Plaut (2). 


SUMMARY AND CONCLUSIONS 


1. Dilution of the measured sample of milk lowers the titrata- 
ble acidity; dilution with an equal volume of water caused an 
average decrease of 0.0211 per cent, and dilution with 9 volumes 
of water, an average decrease of 0.0623 per cent. 

2. It has been demonstrated that in solutions containing cal- 
cium and phosphates in amounts representative of milk, precipita- 
tion of tri-calcium phosphate will occur during titration with 
sodium hydroxide, and that such precipitation increases the titer. 
By calculation it has been shown that a similar precipitation 
must be expected in the titration of milk. 

3. The greater part of the dilution effect is attributed to a 
decrease in the amount of tri-calcium phosphate precipitated dur- 
ing the titration. 

4. There are indications that a relationship of calcium to 
casein, similar to that of calcium to phosphates, is involved in the 
dilution effect. 

5. A lower pH was observed at the phenolphthalein end-point 
in the titration of diluted milk. This is attributed to a “protein 
effect” on the indicator. 

6. The rapid fading of the end-point in titrating milk is attrib- 
uted to the precipitation of tri-calcium phosphate. 

7. The fact that the titratable acidity of concentrated milk is 
higher than calculated from the acidity of the original milk and 
the ratio of concentration, in spite of the loss of carbon dioxide, 
is attributed to the reverse of the same factors involved in the 
dilution effect. 

8. The neutralization of milk or cream with lime of known 
alkalinity does not lower the acidity to the calculated point 
because the increased calcium ion concentration causes greater 
precipitation of tri-calcium phosphate in subsequent titration. 
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AGGLUTININ, COMPLEMENT, AND CHEMICAL COM- 
POSITION OF THE COLOSTRUM OF THE COW* 


M. SATO, K. OGURA anp H. IKEJIMA 
Zootechnical Institute, Hokkaido Imperial University, Sapporo, Japan 


INTRODUCTION 


That the colostrum contains a large number of antibodies 
which are transmitted to new-born cattle and thus play a very 
important part in assuring the healthful growth of the latter is a 
well known fact, Bertarelli (1), Famulener (2), Zubrzycki und 
Wolfsgruber (3), Reymann (4) Little and Orcutt (5). The works of 
eminent scholars agree in the opinion that antibodies are most 
abundant in the colostrum obtained immediately after parturi- 
tion and afterwards they speedily decrease and finally become 
extinct. What is interesting to state is that although the presence 
of any antibody in the blood of new-born calves immediately after 
parturition has never been proved, the colostrum, when first 
given them, is easily transmitted through the digestive organ 
without causing any abnormal phenomenon whatever. Con- 
sequently it may be asserted that the new-born calves, when fed 
with the colostrum, will be immune to a variety of organisms. 
The results of experiments by Smith (8) and others show that 
sucking calves not fed with the colostrum are easily infected by 
certain bacteria, particularly Bacterium coli, and are apt to die. 

Besides antibodies, the presence of complements has been re- 
ported in the colostrum (also in the milk of cow suffering from 
mastitis, Bauer and Sassenhagen), the complement being secreted 
for a period of over ten days after parturition. The presence of 
complement is essential for the normal operation of certain anti- 
bodies. For instance, bacteriolysin requires the presence of 
complement for the operation of its bactericidal action. For 
this reason the presence of complement in the colostrum may be 
of unusual significance. 


* Received for publication August 2, 1930. 
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The milk secreting organ of a milch cow may easily be affected 
by diverse circumstances producing abnormal conditions. 
Consequently the percentage of milch cows secreting normal 
colostra from physical, chemical, and physiological standpoint 
may be very small. Experiments conducted by one of the au- 
thors for upwards of 10 years with colostra obtained from a 
large number of cows has indicated the prevalence of abnormal 
colostra, an observation which may explain the variety of pre- 
viously published investigations concerning colostra. In these 
cases, all researches and investigations dealing with the antibody 
content of colostrum will be of little significance unless the so- 
called normal colostrum is used in the experiments. 

The authors have been and are conducting the researches con- 
cerning the immunity given by the colostra since January, 1925. 
The following is a report of the results of chemical analyses, and 
of the agglutination tests and the investigations as to the presence 
of complement which they carried out up to March, 1926, with 
normal colostra obtained from 16 cows of Ayrshire, Guernsey, 
and Holstein breeds and one sample of milk from a cow infected 
with mastitis and another after abortion. 


PARTICULARS CONCERNING THE COWS 


The colostrum used for the experiment was obtained from the 
cattle of Ayrshire breed kept at the first and from Holsteins and 
Guernseys kept at the second farms of the Faculty of Agriculture, 
Hokkaido Imperial University. 

The particulars are given in table 1. 


PHYSICAL AND CHEMICAL ANALYSIS OF THE COLOSTRA 


Throughout the experiments, the color was determined with 
J. W. Lovibond’s tintmeter and the measurement of hydrogen 
ion concentration by the potentimeter. In the alcohol test, a 
certain quantity of the colostrum mixed with equal quantity of 
alcohol (68 per cent) was put into a test tube, the whole contents 
being slightly shaken. In the test, the degree of coagulation was 
examined by putting the test tube containing the colostrum into 
boiling water. The determination of specific gravity exceeding 
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1.04 was made by the use of a Westphal balance at the tempera- 
ture of 15°C., Quevenne-Miiller’s lactometer being employed 
in the determination of specific gravity below 1.04, the degrees 
ascertained being converted to 15°C. In the case of the co- 
lostrum secreted immediately after parturition which was too thick 
and cohesive for the Westphal balance, a pycnometer was used. 
The determination of total solids, total protein, fat, ash, casein, 
and a portion of albumin were made according to the ordinary 
methods. The results of the experiment are shown in table 2. 


AGGLUTINATION TEST 


Milk serum. Fresh colostrum was coagulated by mixing with 
such a quantity of rennet solution (rennet solution, pH 5.69, 
prepared at Hansen’s Laboratory, N. Y., U S. A.) that would 
coagulate the mixture at 40°C. in approximately 40 minutes. 
After filtration the clear filtrate was used in the tests. 

Bacterial sus pension. Two milligrams of a 2 hour growth was 
mixed with 1 ce. of physiological saline. This suspension was 
preserved for use as antigen with 1 per cent formalin. 

The milk serum was heated for about 30 minutes at 56°C. and 
after being made inactive the liquid was diluted with physiological 
salt solution. To this liquid was added an equal quantity of 
bacterial suspension, the mixture being completely mixed and 
incubated for 2 hours at 37°C. The liquid was afterward left 
at room temperature for 22 hours, after which the agglutination- 
titre was observed. The results of this experiment are shown in 
table 3. 


Demonstration of complement 


The experiment was made by means of a horse erythrocyte- 
rabbit hemolytic system using ascomplement fresh colostrum from 
which the greater portion of fat was removed by means of a 
centrifugal separator, the time required being about 10 minutes 
and the number of revolutions 3000 per minute. 

Suspension of horse erythrocytes. A 1 per cent suspension of 
washed (three times) horse erythrocytes was used. Amboceptor 
used in the demonstration process consisted of the blood of rabbits 
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TABLE 3 


The presence of certain agglutinins in normal bovine colostrum 


NUMBER 
Num- | Hours Bacil- 
Breed ber of | after lus | Vibrio 
parturi- | partu- meli- | fetus 
tion rition tensis 
0 40 
4 = 
12 
24 
29 
34 
Va 48 
yrshire 94 44 53 
58 
72 
77 
82 
96 
19* 160} 40} 10 | 40 | 320 
0 1 320; 40/ 80 40 | 1,280 
9 2 80} 40/| 20 40 80 
2 Ayrshire 94 5 4| 3 3 10) 10; 10 “= 20 
48 4 10 20 
57 6 _ _ 
18 3 1 40; 2 | 2 320 
33 4 40; —|— 640 
37 5 20; — = 80 
57 6 10) — 40 
3 Ayrshire 86 6 {| 61 7\/— 20 
66 8 10 
81 9 10 
85 10 10 
90 | 1 
(| 12 3 80 | 80 | 320 | 1,280 
39 4 80} 20; 20 40 80 
43 5 160 
63 6 10) — 80 
4 Ayrshire 115 1 <| 67 7 a 40 
72 8 20 
76 9 10 
96 10 


* This milk was drawn 19 hours before parturition. 
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TABLE 3—Continued 


ORGANISMS USED AS ANTIGENS IN TESTING 


cow GAMrLD FOR AGGLUTININS IN COLOSTRUM 
or ExPEni- H N Bact Bacil- 
(| 0 1 40 | 160 | 80 640 
4 2 40| 80 | 80 160 
10 3 10} 10 | 10 20 
4 10 | 10 40 
5 Ayrshire 110 4 28 5 20 
34 6 10 
48 7 10 
| 52 8 
(| 0 1 40 | 80 | 2,560 
17 2 10 | 20 320 
21 3 10 | 2 160 
34 4 — | — 40 
6 Ayrshire 116 1 {| 39 5 20 
44 6 20 
57 7 10 
8 10 
67 9 
0 1 — — 
24 6 — 
7 Guernsey 173 5 48 10 = on sie 
Oo} 1 80}; 2 | 40 | 160 
25 6 0 10 
8 Guernsey 168 | 8 {| 49 | 10 | — 10 10 
73 | 14 10 
| 97 | 18 1 10 
(| 15 3 1} — | — |] — 20 
39 20 
9 Guernsey 189 2 ll 10 
wiwi— 10 
111 | 19 
‘| 1 10| 40 
15 3 19 — | 10 _ 
10 Holstein 195 6 {| 39 7i- _ 
63 | ll 
| 87 | 15 
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cow ae 
OF EXPERI- H N Bact. - 
0 1 160) — | 2 
28 6 — 
ll Holstein 237 1 {| 52 | 10 ~ 
76 | 14 1 
(| 100 | 18 | — 
‘| 0 1 1 20| 40 | 40 640 
26 6 1 10| 40 160 
. 5 | 10 | — 10 | 10 10 
12 Holstein 171 8 74 14 10 
98 | 18 
[| 112 | 22 
(| 0 1 120 20; 2 | 40 640 
15 3 1} — | — 40 
13 Holstein 243 1 {| 39 
68 | ll 20 
87 | 15 —_ 
14 | Holsteini97 | 6 {| | — | — | - 
17 


15 Holstein 173 9 


16 Holstein 239 1 


17 Guernsey 170 6 


BERS 


18 Holstein 169 9 


8 
18 
| 8 
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320 
80 
10 
10 
320 
40 
= 
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immunized with horse erythrocytes, the serum being made in- 
active as the complement, fresh serum (0.05 cc.) of guinea-pig 
was used. The hemolysin-titre of the rabbit serum and its com- 
plement demonstrating power are indicated in the following table: 


Hemolysin-titre 


DILUTION OF SERUM 


Result of hemolysis. |+++|+++|/+++/+++/+++ 


1600 | 3200 6400 | 12800 
+ 


++] + 


The complement demonstrating power 


A survey was made as to the existence or non-existence of 
hemolysis by mixing suitable quantity of fresh serum of cow. 


AMOUNT OF COMPLEMENT IN COW 


+++|+++| + 


Two-tenths cubic centimeter of amboceptor diluted 40 times and 1 ce. of 1 per 
cent suspension of horse erythrocytes (total quantity 2.2cc.) were used for the 
purpose. 


0.01 ce. | 9-005 


0.0005 | 0.0001 
0.05 cc. 


ce. 


Result of hemolysis.................... +44 


In order to determine the presence of complement in colostrum, 
Cifferent quantities of colostrum (1.0, 0.8, 0.6, 0.4 and 0.2 cc., 
respectively) were put separately into fine test tubes. Proper 
quantities of physiological salt solution were then added to the 
colostrum contained in each tube, the quantity of the contents of 
each tube being made uniform at 1 cc. and again to the contents of 
each tube was added 0.2 cc. each of immune serum or amboceptor 
diluted 40 times (dilution was resorted to each time immune 
serum was used for similar purposes). Adding to the mixture 
1 cc. suspension of horse erythrocytes and completely mixing 
the entire contents, the mixture was incubated at 37°C. for 1 hour, 
and after keeping in an ice-room for 15 hours the contents of each 
tube was examined. Throughout the examination the centrifugal 
separation process was carried out, constant care being taken to 
assure the precipitation of erythrocytes to the bottom of the 
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tubes. For the purpose of contrast fresh serum of a guinea-pig 
and a mixture of physiological salt solution (1 cc.) and suspension 
of erythrocytes (1 cc.) were provided as the substitutes for the 
colostrum in order to prove the normality of immune serum and 
erythrocytes. (With the former the result of hemolysis was 
satisfactory, the case being the reverse with the latter.) 

The above experiment was applied to all of the colostrum 
put to test, the result, however, proving negative throughout, 
whereas with the addition of fresh serum (0.05 cc.) extracted 
from a guinea-pig to the contents of each tube the result of 
hemolysis was complete. 


RESULTS 


The results are summarized hereunder: 

1. In the normal parturition, the colostrum always contains 
agglutinins. 

2. The period of the presence of agglutinins in the colostra 
ranges from 1 to 4 days after parturition. 

3. Agglutinins are contained in the colostra principally after 
parturition; but, as a rule, they speedily decrease in number 
afterward and finally disappear. 

4. Generally, agglutinins reacting with Bacterium coli and 
Vibrio fetus are found to be most abundant, those reacting with 
Bact. paratyphosum B, Bacillus melitensis and Bacillus abortus 
coming next in the named order. 

5. The breeds of cattle and the number of parturition ap- 
parently have nothing to do with the quantity of agglutinins and 
the length of the period of their existence in the colostra after 
parturition. 

6. In the colostrum obtained from a cow suffering from the 
inflammation of the udder there seems to be no fixed rule as to the 
appearance of agglutinins. 

7. In the milk secreted by a cow which aborted in the fourth 
month after pregnancy, the presence of agglutinins has not been 
proved. 

8. A large quantity of agglutinins was found in the milk se- 
creted 19 hours before parturition. 
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9. Throughout the series of experiments made by the authors 
with fresh and normal colostra the presence of complements were 
not proved. 

10. Colostra of the same and of different cows are exceedingly 
variable in chemical composition. The specific gravity and total 
ash are fairly constant. There were wide fluctuations in the 
hydrogen ion concentration, color, coagulation, the percentage of 
total proteins and the relative proportions of each, the percentage 
of lactose, and the fat content. 
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CALCULATING RATIONS FOR DAIRY COWS* 


T. E. WOODWARD 
Bureau of Dairy Industry, United States Department of Agriculture 


In many dairy-cow investigations, the animals must be fed 
according to some definite plan, if accurate comparisons are to be 
made of the production of dams and daughters and the effect of 
various feeds over entire lactation periods. The usual method of 
feeding is to select some standard, and then to provide nutrients 
in such amounts as will meet the requirements of this standard. 
In some experiments, a little more than the required amount is 
fed to make sure that the animal receives sufficient nutrients for 
maintenance and milk production. 

Because of the amount of work involved in calculating nutrient 
requirements for large numbers of animals, a quick and easy 
method of figuring rations was needed at the Bureau of Dairy 
Industry Experiment Farm at Beltsville, Maryland. After some 
study and the trying out of different methods, a system was 
developed (table 1) by which the rations could be easily figured at 
the rate of one a minute, if the weight of the cow and the quantity 
and quality of milk produced were known. These rations, when 
compared with those obtained by exact calculations, are ordinar- 
ily accurate to within one pound of grain per cow per day. This 
method has been used successfully at Beltsville for several years. 
It is now passed along with the thought that it may be of some 
value to other investigators. Although the system given has 
been prepared to fulfill the requirements of the Savage standard as 
to total digestible nutrients, there is no reason why a similar 
method can not be used for any standard desired. 

The feeds generally used at Beltsville are No. 2 alfalfa hay, good 
corn silage, dried beet pulp, and two grain mixtures. The total 
digestible nutrients of the feeds, according to Henry and Morri- 
son’s ‘‘Feeds and Feeding,’’ are as follows: beet pulp, 71.6 per 
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TABLE 1 


Number of pounds alfalfa hay required daily (Savage Standard) for cows producing 
different quantities of milk varying in butterfat test 


BUTTERFAT TESY—PER CENT 

MILE 

3.0 | 3.2 | 3.4) 3.6/3.8) 40/42) 44/46/48) 5.0) 5.2/5.4) 5.6) 5.8/ 6.0/6.2 | 6.4) 6.6/6.8 7.0 
lbs. Ibs. | Ubs.| Ibs. | Ibs. | lbs. | lbs. | lbs.| lbs. | lbs. | lbs. | lbs.| lbs.| lbs.| ibs. | lbs. | lbs. | lbs. | lbs 
10 7 «7 68} 68} 9} 9 9} 9} 10) 10 
11 7 7| 7| 8 8 8} 8 9 9 9 9 10) 10) 10) 10) 10) 11) 11 
12 
13 7| 8| 8} 9} 10} 10} 10) 11) 11) 11) 12} 12) 12) 12) 13) 13 
14 8| 8} 9 9 9} 10} 10) 11) 11) 11) 12) 12) 12) 12) 13) 13) 13] 14) 14 
15 9} 9} 9} 10} 10) 10) 11) 11) 11) 12) 12) 12) 13) 13) 13) 14] 14) 14) 15) 15 
16 9} 10} 10} 10} 11) 11) 11) 12} 12} 12) 13) 13) 13) 14) 14) 14) 15) 15) 15) 16 
17 10} 10} 10} 11) 11) 42} 12} 12| 13) 13) 13] 14) 14] 15) 15] 15) 16) 16) 16| 17 
18 10} 11] 11) 12} 12} 13} 13| 13} 14] 14) 14) 16) 16) 16) 17| 17| 18 
19 11} 11} 12} 12) 13) 13) 14) 14) 14) 15) 15) 15) 16) 1 17} 18} 18} 18| 19 
20 12} 12} 13} 13} 14] 14} 15| 15) 15| 16] 17| 17| 18] 18) 19] 19) 19} 20 
21 12} 13} 14} 14) 15) 15} 15] 16) 16 17| 18} 18} 19} 19} 19} 20} 20) 21 
22 13} 13} 14] 14} 15) 15} 16| 17] 17| 18} 18| 19} 19} 19] 20) 20 21) 21) 22 
23 13} 14] 15] 15} 16| 16| 17| 18} 18) 18) 19| 19} 20) 20] 21) 21) 22) 22) 23 
24 14] 14} 15} 16| 17| 17| 18} 18} 19} 19} 20] 21) 21) 22) 22) 23) 24 
25 14} 15} 16} 16| 17| 18} 18] 19} 19) 20} 20} 21) 21| 22) 22) 23) 24) 24) 25 
26 15| 16} 16} 17| 17| 18| 19} 19] 20) 20) 21) 21) 22| 23) 23) 24) 24) 25) 25) 26 
27 16} 17| 18} 18| 19} 20} 20} 21) 21) 22] 22) 23] 23) 24| 24) 26) 26| 27 
28 16} 17| 18] 18} 19} 19} 20} 20] 21] 22| 22) 23| 23] 24) 25] 25 
29 17| 17| 18} 19} 20) 20) 21) 22) 23) 23) 24) 24) 25 27| 28) 28) 29 
32 18} 19} 20} 21] 22} 22} 23) 24) 24) 26] 26) 27| 28) 28| 29) 30} 31| 32 
34 20} 21) 21| 22) 23) 24) 25) 25) 26) 27| 28) 29) 29) 30} 31) 31) 32) 33) 33 
36 21| 22} 23} 24| 24) 25| 26) 27) 28) 29) 30} 30) 31| 32) 33) 33) 34) 35) 35 
38 22| 23] 24} 25) 26) 27| 28) 28} 29) 30) 31| 31| 32) 33] 34) 34] 35) 36) 37) 37 
40 23| 24) 25} 26) 27} 28} 29) 30) 33) 34) 35) 35) 36) 37) 38] 39) 39 
42 2524 7) 2) 4 37| 38} 39} 40) 41) 41 
44 25| 27} 29} 30) 31| 32) 33| 35) 35) 36) 38) 39) 40] 41) 42| 43) 43 
46 27| 28} 29} 30) 32} 34) 35) 36) 37) 38) 39) 42) 43) 44) 44) 45 
48 28| 29} 30} 31| 33) 34) 35 37| 38) 39} 40} 41| 41] 43) 44) 44) 45) 46) 47 
50 29} 30} 31| 33} 34) 35) 36) 37| 38) 39) 40) 41) 42) 43) 44) 45] 46) 47/ 48) 49 
52 30| 31) 33| 35) 37| 38) 39| 40) 41) 42) 43) 44) 45) 46) 47| 48) 49] 50) 51 
54 31) 33] 35} 37} 38} 39) 40) 41| 42) 43) 44 0) 50a 
56 32| 34] 35| 37] 38} 42| 43) 44) 45) 46) 47| 48) 50] 51| 52 

58 34) 35) 36) 38) 39) 41| 42) 43) 44) 46) 47| 48] 49) 50) 51) 53) 54 

60 35| 38} 39] 41) 42) 43) 45) 46) 47) 48) 51) 53) 54) 

64 37| 39| 42) 43) 46) 48] 49) 50) 51) 53| 54) 55| 57) 

68 40} 41| 43) 44) 46) 48) 50} 52) 53) 55 57| 

72 43) 45| 47) 49) 51 53| 55) 57| 58) 61 

76 44| 46) 48] 50| 51) 53 57| 58) 60| 61 

80 46} 48} 52) 54 60} 63 

84 49| 51) 53) 54) 57) 59 62| 64 

92 53] 57| 59) 63) 65 

96 58} 60} 62| 66) 67 

100 60} 63) 65) 68 
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cent; corn silage, 17.7; and alfalfa hay, 51.6. From Henry and 
Morrison, also, it is estimated that the grain mixtures contained 
73.1 and 73.7 per cent digestible nutrients. In total digestible 
nutrients, 1 pound of alfalfa is equal to about 0.7 pound of grain or 
beet pulp, or to about 3 pounds of silage. 

The following examples show how the information contained in 
table 1 is used: 


Ezample1. Daily ration for cow weighing 1,500 pounds and giving 50 pounds milk 
testing 3 per cent butterfat 


Requirements in terms of hay: 


Roughage received 
45 pounds, equivalent to 15 pounds hay 


51 — 33 = 18 pounds hay, the equivalent of which is to be made up of grain 

18 pounds X 0.7 = 12.6 pounds, the quantity of grain required. The ra- 
tion, then, is 12.6 pounds of grain, 18 pounds of hay, and 45 pounds of 
silage. The exact requirements, according to the Savage standard, 
when the analyses stated in ‘‘Feeds and Feeding’ are used, are 26.24 
pounds digestible nutrients; the ration given contains 26.54 pounds. 


Example 2. Daily ration for cow weighing 1,100 pounds and giving 20 pounds of 
milk testing 4 per cent butterfat 


Requirements in terms of hay: 


TABLE 1—Continued 
Weight Hay 
ll 
12 
14 
15 
17 
20 | 
21 
23 
i 
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Roughage received 
33 pounds, equivalent to 11 pounds hay 


31 — 25 = 6 pounds to be made up in grain. 
6 X 0.7 = 4.2 pounds, the amount of grain given. 
Nutrients required, 15.72 pounds; nutrients in ration given, 16.16 pounds. 


Ezample8. Daily ration for cow weighing 800 pounds and giving 30 pounds of milk 
testing 5 per cent butterfat 


Requirements in terms of hay: 


Roughage received 
24 pounds, equivalent to 8 pounds hay 


36 — 18 = 18 pounds to be made up in grain. 

18 X 0.7 = 12.6 pounds, the amount of grain needed to complete 
the ration. 

If 4 pounds beet pulp are fed, this will leave 8.6 pounds grain. Nutrients 
required, 18.49 pounds; nutrients in ration given, 18.61 pounds. 


In the three examples shown above, the nutrients given ex- 
ceeded those required by 0.3 pound, on an average. This is no 
more than would be needed for the production of 1 pound of milk. 

The method is thought to be accurate enough for investiga- 
tions made with feed for which no special chemical analyses are 
given. Nodoubt the variation in composition of feeds results in a 
larger error than does the use of this method. 


THE FEATHERING OF EVAPORATED MILK IN HOT 
COFFEE* 


RANDALL WHITAKER 
Research Laboratories, National Dairy Products Corporation Baltimore, Maryland 


Milk, cream, and evaporated milk occasionally curdle or 
“feather” when placed in hot beverages such as coffee. The term 
“feather’’ is descriptive of the fluffy, feather-like appearance of the 
curd particles which form under certain conditions. The subject 
of the occasional feathering of evaporated milk in hot coffee has re- 
ceived practically no attention by scientific workers, as indicated 
by the absence of published experimental work. Hunziker (4) 
recognizes the feathering of evaporated milk but does not include 
it as a defect of this product. Hestates, while discussing the manu- 
facture of this product, that feathering is usually associated with 
high viscosity and the use of excessive homogenization pressures. 
He also reports that the use of an homogenizer with a spring con- 
trolled valve induces feathering. 

The feathering of cream in hot coffee has been studied by sev- 
eral investigators (1), (3), (7), (8). It has been shown that 
acidity of the cream, extent of homogenization, heat treatment, 
fat content, extent of fat globule clumping, salt balance, method 
of adding the cream to the coffee and the kind of water used in 
preparing the coffee influence the feathering of cream in coffee. 
Evaporated milk is used in much the same manner as cream. 
This product, although containing relatively more solids-not-fat 
and less fat, behaves in coffee quite similar to fresh cream in some 
respects. 

In this paper is recorded the observations made during an inves- 
tigation of the causes of and conditions necessary for the feather- 
ing of evaporated milk in hot coffee. 


COAGULATION OF EVAPORATED MILK IN COFFEE 


On account of their protein content, fluid dairy products are 
susceptible to coagulation by heat. The temperature at which 


* Received for publication August 16, 1930. 
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coffee is served is sufficiently high to occasionally cause partial 
coagulation of the milk, cream, evaporated milk, ete. used in it. 
Under certain conditions, there results well defined curd particles 
which give rise to the phenomena known as feathering. 

Because of the relatively greater concentration of the coagu- 
lable protein in evaporated milk, the feathering of this product is 
more noticeable and generally more pronounced than is the feath- 
ering of milk and cream. Heat coagulation of milk has been 
studied by Sommer and Hart (6). The salt balance, which may 
be briefly described as the relative amounts of available calcium 
and magnesium as compared with the phosphates and citrates, 
has been shown to be of paramount importance. These workers 
contend that when the calcium and magnesium is high, the milk 
can be stabilized by the addition of citrates and phosphates. In 
like manner adding soluble calcium and magnesium will stabilize 
milks which are high in citrates and phosphates. Doan (2) 
and Tracy and Ruehe (7) have supplied proof that the decreased 
stability resulting from homogenization is caused by an increase 
in calcium and magnesium resulting from the absorption of the 
phosphates, citrates, and casein on the increased surface presented 
by the homogenized fat. In like manner the decreased stability 
noted with high acidity, is attributable to the increased avail- 
ability of the divalent cations in the acid reaction. 

It is contended by some workers (5) that there are other factors 
besides the salt balance such as acidity, which are concerned with 
heat coagulation. It may be said, however, that in practically 
every case, it is possible to alter the heat stability of a milk by 
effecting a change in the salt balance. 

Using the salt balance theory as a basis it may be predicted 
that any factor which tends to increase the amount of available 
calcium will result in increased feathering. This may be brought 
about by either directly increasing the available calcium or by 
removing such anions as phosphate, citrate, etc. which keep 
calcium in an unavailable form. The addition of such salts as 
sodium citrate and secondary sodium phosphate will reduce the 
available calcium and the tendency to feather. 


\ 
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THE FEATHERING TEST 


Prior to making a study of the factors concerned with the 
feathering of evaporated milk in hot coffee, it was deemed advis- 
able to have some means of measuring the susceptibility of a milk 
to feather in hot coffee. A feathering test was therefore devised. 
This test was based on the previously noted influence of the salt 
balance and was not dependent upon an acidity effect. If a 
milk failed to feather when placed in hot coffee, it was made to do 
so by the addition of certain salts; when feathering was observed, 
the addition of certain other salts would prevent it. By the 
addition of a known amount of the specific salt a measure of the 
susceptibility of the milk to feather was thus obtained. 

The coffee used in this test was prepared by heating to the 
boiling point 250 cc. of distilled water and 10 grams of ground 
coffee and immediately straining through fine cheese cloth. The 
coffee thus prepared was kept at 95 to 100°C. until used. 

When a sample of evaporated milk was to be tested, 5 cc. of 
milk was diluted with 1 cc. of distilled water. One cubic centimeter 
of this mixture was then rapidly added to 10 cc. of the hot coffee 
solution and immediately stirred. If the appearance of the coffee 
in the test tube was uniform throughout and there was no evidence 
of feathering, the test was repeated, diluting another 5 cc. portion 
of the milk with 1 cc. of a 1:9 solution of calcium chloride in place 
of the 1 cc. of distilled water. The 1:9 calcium chloride solution 
was prepared by mixing 1 cc. of n/2 CaCl, and 9 ce. of distilled 
water. If the coffee again failed to feather, the test was repeated 
using 1 cc. of a 2:8 CaCl, solution. This procedure was continued 
until feathering was noted. The number of cc. of n/2 CaCl, used 
in making the 10 cc. stock solution was taken as the unit of the 
test. The result of the test was then expressed as the number of 
these units which first caused feathering. 

If the milk was found to feather without the addition of CaCl, 
then n/2 sodium citrate was used. Increasing amounts were 
added in the manner described above until feathering failed to 
appear. 
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To distinguish between the calcium chloride units and the so- 
dium citrate units, a minus sign (—) was prefixed to the calcium 
chloride values, denoting that the milk did not feather normally, 
while a positive sign (+) was prefixed to the citrate values to 
indicate a positive feathering test. Table 1 illustrates several 
selected examples. This test is a measure of the susceptibility 
of a given sample of evaporated milk to feather. As indicated in 
table 1, milks having minus values do not feather, while positive 
values show this defect. The extent to which a given sample 
does or does not feather is indicated by the magnitude of the num- 
ber given. For uniform and reproducible results the procedure 
as outlined must be adhered to rigidly. 


TABLE 1 
Illustration of feathering test values 


° STOCK SOLUTION 
Zz 
n/2 
| 
i tion water 
parts | parte 
8+ 7 
—2 |) Feathering produced by 1 cc. of 2+ 8 Calcium chloride 
1+ 9 
+1 1 + 9 
+2 |> Feathering produced by 1 cc. of 2+ 8 Sodium citrate 
+3 7 


FACTORS WHICH INFLUENCE FEATHERING 


Experimental work revealed several factors which influenced 
the extent to which evaporated milk feathered when placed in hot 
coffee. These factors, with a brief discussion, are as follows: 

1. Salt balance of the milk. As previously pointed out a milk 
which has an excess of available calcium and magnesium will tend 
to feather when placed in hot coffee. An excess of calcium may 
be due to the natural salt content of the milk, to the addition of 
a calcium neutralizer before condensing, to high acidity, to deple- 
tion of opposing anions on homogenization, etc. The effect of 
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excess calcium was demonstrated in this work by the fact that 
with every sample of milk examined, the addition of a soluble 
calcium salt, such as the chloride, produced increased feathering 
whereas the tendency to feather was reduced when the available 
calcium was removed from the sphere of action by the addition of 
such substances as secondary sodium phosphate, sodium citrate, 
sodium hydroxide, etc. Evaporated milk which was unstable 
due to excessive amounts of citrates and phosphates was not en- 
countered. This form of unstability is very infrequent. 

2. Hardness of the water. Tracy and Ruehe (7) found that the 
hardness of the water used in preparing coffee had an influence on 


TABLE 2 
The influence of the hardness of the water used in the preparation of the coffee on the 
feathering of evaporated milk 
HYDROGEN HARDNESS OF FEATHERING 
pH P.p.m.* 

7.6 35 —4 
6.8 60 —4 
6.5 20 


* Calculated as calcium carbonate. 


the feathering of cream. It has been shown that calcium (and 
magnesium) in solution tends to induce feathering in evaporated 
milk. In table 2 is shown the results of a feathering test per- 
formed on coffees made from samples of water, procured from six 
different cities. A single source of evaporated milk was used in 
this work. The hardness of each sample of water was estimated 
by means of its soap consuming power. It will be seen from this 
table that there was insufficient calcium in the waters collected to 
produce a change in the feathering value of the sample of milk 
used in this test. 

3. Concentration of the coffee. Several people were requested 
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to indicate the quantity of ground coffee they recommended for 
making a given volume of coffee. The average ratio was 10 
grams of ground coffee to 250 cc. of water. As little as 7 grams 
was recommended in one case, while one housewife used 13.5 
grams for this amount of water. Investigation showed that evap- 
orated milk tended to feather more readily in strong coffee than 
in weak. It seems probable that the salts and the tannic acid 
extracted from the coffee assist in the feathering of the evaporated 
milk. 

4. Method of preparing the coffee. It has been suggested that 
substances extracted from coffee influence the extent of feather- 
ing. It was to be expected, therefore, that the method of prepar- 


TABLE 3 
Ash content and hydrogen ion concentration of coffee prepared by different methods 
(10 grams ground coffee and 250 cc. distilled water) 


HYDROGEN 
METHOD OF PREPARATION TREATMENT OF COFFEE ASH pM 
TRATION 
per cent pH 
Filtered immediately on boiling 0.13 4.93 
eer Filtered after standing 5 minutes 0.16 4.92 
Ditto, after 10 minutes 0.18 4.93 
Five minutes 0.14 4.92 
Percolated.......... 0.14 4.95 


ing the coffee would also have an effect, but only in so far as the 
salts and tannic acid were extracted from the coffee grounds. 
Considering the amount of water-soluble ash as a measure of 
extraction, it will be seen from table 3 that coffee prepared by the 
drip or percolation method was less liable to cause feathering 
than was coffee made by boiling in the pot. The data show that 
prolonged contact of the coffee and the grounds increased the 
quantity of soluble ash and consequently tended to increase 
feathering. The hydrogen ion concentration of the coffee re- 
mained constant and was independent of the method of 
preparation. 

5. Amount of evaporated milk used in coffee. Several individuals 
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were requested to indicate the quantity of evaporated milk pre- 
ferred in a cup of coffee of standard size. In table 4 will be found 
the quantities indicated when the milk was placed in the cup prior 
to adding the coffee, and when the quantity of milk selected was 
dependent upon the color produced in the coffee by the milk. 
The inconsistencies noted made the average quantity of evapo- 
rated milk used in coffee somewhat uncertain. For all practical 
purposes, however, it was assumed that one tenth as much milk 
as coffee was the average amount used. 


TABLE 4 
Quantity of evaporated milk used in a cup of coffee of standard size (150 cc.) by 11 
individuals (10 grams ground coffee and 250 cc. water) 


INDIVIDUAL MILE ADDED PRIOR TO COFFEE MILK ADDED TO COFFEE 
ce. cc. 

A 13 10 
B 16 7 
Cc 8 17 
D ll 5 
EQ 6 9 
F 20 

G 19 

H 7 5 
I 20 15 
J 13 
K 10 

13.3 10.1 


Laboratory experiments indicated that feathering was always 
more pronounced when the smaller quantities of milk were used 
in the coffee. Better feathering conditions existed when a small 
amount of evaporated milk was added, because (a) under such 
conditions a relatively small amount of coagulable protein came in 
contact with a large quantity of acid, salt-containing coffee solu- 
tion, (b) the resulting white curd particles were more noticeable 
against the darker background of the coffee and (c) the small 
quantity of evaporated milk was heated to a higher temperature 
than a larger volume would have been. From table 5 it will be 
seen that the pH of coffee-evaporated milk mixtures varies with 


t 
} 
4 
| 
| 
} 
} ie 


184 RANDALL WHITAKER 


the amount of milk used in a given quantity of coffee. When 
small portions of milk are used, the casein of the evaporated milk 
is brought near the isoelectric point and in consequence, coagula- 
tion takes place readily. It is probable, therefore, that individ- 
uals using small quantities of evaporated milk in coffee will 
encounter feathering more frequently than those who use large 
quantities of milk. 

6. Method of mixing milk and coffee. Laboratory tests showed 
that feathering was more frequent when the evaporated milk was 


TABLE 5 
Hydrogen ion concentration of various coffee-evaporated milk mixtures 
COMPOSITION OF COFFEE-MILK MIXTURE 
HY ION 
CONCENTRATION 
Amount of coffee | Amount of milk | Oe ce; of citrate | One ce. of CaCls 

ce. ce. pH 

10 0.0 4.9 

10 0.1 5.1 

10 0.5 5.4 

10 0.7 5.6 

10 1.0 5.7 

10 2.0 5.8 

10 1.0 1:9 5.7 

10 1.0 2:8 5.7 

10 1.0 3:7 5.7 

10 1.0 1:9 5.7 

10 1.0 2:8 5.7 

10 1.0 3:7 5.6 


added slowly, drop by drop, to the hot coffee. Adding the milk 
in such a manner without stirring created conditions which foster 
coagulation for the reasons given under (5). In some cases, agi- 
tation destroyed the curdled appearance, in others the effect was 
permanent. When feathering presisted on agitation the curd 
particles often lost their fluffiness and became grainy in appear- 
ance. The tendency to feather was less if the coffee was added to 
the milk than if the milk was poured into the hot coffee. The use 
of sugar in quantities normally used had no effect on the feather- 
ing of evaporated milk in coffee. 
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SUSCEPTIBILITY OF COMMERCIAL SAMPLES TO FEATHERING 


Fifty-two cans of evaporated milk were tested for feathering 
in an attempt to estimate the extent to which the present day 
commercial product feathers in hot coffee. These cans, repre- 
senting 25 different brands of evaporated milk, were purchased 
in stores in 7 cities throughout the United States. From table 6 
it will be seen that only one sample was found to feather when 1 
ec. of treated milk was tested in 10 cc. of coffee. The average 
feathering test value of all samples was —2.6. Some coffee 
drinkers prefer a smaller quantity of evaporated milk than was 
represented in these tests, and since feathering is more pronounced 
in such cases, some of the samples were tested by using 0.5 cc. of 
milk. When this small quantity of milk was used, milk feather- 
ing was encountered in about two thirds of the samples. How- 
ever, the number of people using such a small quantity of milk is 
comparatively small. It seems probable that the average person 
using evaporated milk as now offered to the trade will encounter 
feathering but rarely when used in coffee which has been 
prepared in such a manner that it contains a minimum quantity 
of extracts such as tannic acid, salts, and the like. 

In addition to the feathering test, other determinations were 
made on many of the samples. These determinations and the 
values obtained are included in table 6. An examination of the 
data in this table show that there is no apparent relationship 
between feathering as measured by the feathering test and any of 
the other physical constants that were determined. 

From table 6, it will be seen that sample No. 1 was found to 
feather excessively. This sample was unusual in several respects. 
The milk was lumpy and possessed a coagulated appearance. 
It seemed probable that this sample was manufactured from 
milk of inferior quality, judging from the relatively high amino 
and ammonical nitrogen. Since the pH and the titratable acidity 
was normal, neutralization prior to condensing was indicated. 
The neutralization, probably accomplished with calcium and 
magnesium, decreased the heat stability of the milk and caused it 
to coagulate in the sterilizer. The excessive calcium-magnesium 
was likewise probably responsible for the marked feathering. 
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SUMMARY 


Feathering of evaporated milk in hot coffee is promoted by: 
(a) Characteristics of the milk, especially the salt balance; 
(b) coffee which is concentrated; (c) prolonged extraction of the 
coffee grounds; (d) the use of small quantities of milk in the coffee; 
(e) the slow, rather than fast, addition of milk to the coffee. 

An imperical feathering test was developed. 

Examination of 52 cans of commercial evaporated milk indi- 
cated that feathering in hot coffee is not a common defect of the 
product now offered to the public. 
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The Sign of Assured Accuracy | 
in Technical Glass 


To the chemist the practice of extreme care and | 
accuracy is second nature. There can be no guess- 
work—and his laboratory glassware isnoexception to 
this rule. For years chemists throughout the indus- 
tries have recognized the Kimble “K” as the symbol 
of ACCURACY—unvarying and assured ACCURACY. 
When you specify and use Kimble products— 
whether it be Babcock Bottles, Milk or Cream 
Pipettes, Breed-Brew Pipettes, Burettes or Acid 
Measures—you can rest assured of one thing: that 
you are employing glassware made with the same 
workmanship and care that has made Kimble’s 
scientific research glassware “America’s Standard 
for Assured Accuracy.” 

All markings on Kimble glassware are “acid- j 
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etched”, giving a finer, sharper and more accurate ], Babcock Bottles re- 
line than the capper wheel method. strain- 
Consult with Kimble for your laboratory glass \ : A 2. Easy - to - write - on 
ware requirements and depend upon our engineers " Sand-blastedLabels. 
to meet your demands with courtesy, promptness , Durable black fused- 
and precision.- “in enamel on Bab- 
cock Bottles. 
KIMBLE GLASS COMPANY, VINELAND, N. J. 4,“Turque Blue” 
Soles Offices in New York, Chicago, Detroit, Philadelphic ond Boston fused-in markings on 


Pipettes, Burettes, 
and Acid Measures. 


GLASSWARE OF ASSURED ACCURACY 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Does Quality Pay? 


REQUENTLY only a little extra effort makes the difference 
between average quality and high quality dairy products. 
Yet this difference means much when profits are considered. 

It will pay you well to investigate whether or not that differ- 
ence may be the difference between just ordinary cleaning and 
the sanitary cleanliness given you by Wyandotte Cleaner and 
Cleanser. 

The cleaning of dairy equipment, machinery, cans, bottles, and 
piping with Wyandotte is your assurance of correct cleaning,— 
of a cleanliness that may be all that is necessary to give you that 
extra measure of quality which pays extra profits. 


Ask your Supply Man 
for 


leaner aad C/eanmse’ 


The use of Wyandotte C. A. S. reduces cream acidity quickly, giving more 
efficient pasteurization which results in the following advantages: . 


1. Improved keeping quality. 4. Less curd formation, which saves 
2. Better texture. butterfat. 
3. Eliminates neutralized flavor. 5. Smoother consistency of cream. 
Tue J. B. Forp Company Wyandotte, Michigan 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Makes better Butter 


Such mechanical re- 
finements as Timken 
Roller Bearings and force 
feed lubrication are 
Sound on the Model 
Churn. Although it 
works 1500 lbs. or more, 
but a 7} H.P. motor is 
required. 


THE 72 INCH DRUM CHURNS 
THOROUGHLY AT A LOWER 
TEMPERATURE, PRODUCING 


Butter that does not “Shrink” 


The 72-inch diameter drum of the Model “H”’ Churn was adopted as a 
result of extensive scientific research by CP Engineers on all phases of 
butter making. 

With this drum it is possible to churn from 2 to 3 degrees colder without 
a time penalty. Extremely low fat loss in the buttermilk is the result. 
The hard, firm-bodied butter stands more working before becoming salvy. 
Salt and moisture are incorporated so uniformly and perfectly that free 
moisture is never present. 

The advantages of butter with these qualities become apparent at once. 
Users report fat losses of almost an unheard of low figure. In packing 
tubs for markets with the most stringent rules, Model ““H” Churn users 
need only pack 2 to 3 ounces overweight instead of the customary 8 to 12— 
and every tub weighs out full 63 pounds! In cutting prints from tubs 
packed 63 lbs. 2 ozs. on automatic printers, Model ““H” butter prints out 
and more! 

This modern, money-saving, butter-making method is 
worth investigating. You'll find that you, like other pro- 
gressive creamery owners and operators, can increase your 
profit possibilities greatly. Write our nearest office for 
complete information. 


THE CREAMERY PACKAGE MFG. COMPANY 


General Offices: 1240 W. Washington Blvd., Chicago, Illinois 


ATLANTA BOSTON BROOKLYN BUFFALO CHICAGO DENVER KANSASCITY LOSANGELES 
MINNEAPOLIS OMAHA PHILADELPHIA PORTLAND, ORE. SAN FRANCISCO SEATTLE TOLEDO WATERLOO 
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Building a‘‘Mortensen’’ Nickel- 
lined positive holder at the 
Louisville, Kentucky, plant of 
the Standard Milk 

Company, Ine. 

After the sheets are all riv- 
eted and sweated through, the 
Nickel alloy cover rim and 
heatersealis boltedand s weated 
in place. Then the Nickel alloy 
braces with flanges 12 inches in 
diameter are put in place, se- 
curely riveted and sweated to 
the partition sheets and sol- 
dered toa sanitary flush surface. 
The workmanon the left is using 
a torch in building up the seams 
to a 1% inch sanitary radius. 
The workman on the right is 
grinding the seams witha brush 
assuring a perfectly smooth, 
sanitary surface. This grinding 
cannot be done with plated or 
other surface coated metal. 


JOURNAL OF DAIRY SCIENCE 


F ALL the materials that can be 
safely used in contact with sweet 
milk and cream, Pure Solid Nickel 
is considered the most efficient and 
economical from the dairy owners’ 
standpoint. And this superiority is re- 
flected by the rapidly increasing de- 
mand for Nickel for heaters, holders 
and other pasteurizing equipment. 

Experienced operators repeatedly 
find that they get a lower bacteria 
count when milk is pasteurized in 
Nickel equipment. This advantage is 
attributable to Nickel’s inherent clean- 
liness and the fact that it never retains 
old batch odors. 

Records kept over a period of years in 
many plantsalso show that Nickel equip- 
ment saves money in the long run, be- 
cause it successfully withstands constant 
hard service. It practically eliminates 
the danger of breakage and fracture so 
often encountered with fragile materi- 
als. Strong as steel, with no coating to 
chip, crack or wear off, it insures years 


of dependable, low cost performance. 


Pure Nickel 


.-- positive holders protect dairy products better 


Ask us to send you more information 
about Nickel in the dairy fieldincluding 
a copy of “Why and Where the Dairy 
and Ice Cream Industries use pure 
Nickel and Monel Metal.” You'll find 
this free booklet invaluable in plan- 
ning your next equipment installation. 
Send for “Technical Publication No. 192” 


Nickel 


PROTECTS BETTER LONGER 


Two “ Mortensen” Nickel- 
lined positive holders,each 
of 24,000 lbs, per hour ca- 
pacity, are used at The 
Pevely Dairy Company's 
St. Louis plant. These 
holders were manufac- 
tured by the STANDARD 
MILK MACHINERY CO., 
INC., Louisville, Kentucky 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK, N.Y. 
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NOW-—In Shining Stainless Steel 


The same design, the same efficiency, the same operating 
— which have proven so satisfactory in the well- 

nown copper models are now embodied in this latest 
addition to the line of 


Mojonnier Vacuum Pans 


in stainless steel. Greater ease of cleaning as well as the 
absence of the least trace of metallic flavor have already 
made these new models the choice of a number of dis- 
criminating milk plant operators. Built in sizes to meet 
every need. May we send you Bulletin No. 52 contain- 
ing complete descriptions, illustrations and many inter- 
esting performance tests as well as data on water, steam 
and fuel consumption. 


MILK ENGINEERS 


4601 West Ohio St. Chicago, Il. 
SALES BRANCHES: 
| 
For the Physician—Health Worker—Veterinarian 


ANTHELMINTICS 
AND THEIR USES 
In Medical and F eterinary Practice 


BY 


R. N. CHOPRA, Calcutta School of Tropical Medicine and Hygiene 
ASA C. CHANDLER, Rice Institute, Houston, Texas 


A convenient and systematic study of anthelmintics and their uses from the 
pharmacological and helminthological points of view, bringing together a great 
body of scattered findings and facts from the literature, and presenting the | 


authors’ own experience and experiment. 
Cloth, 6 x 9, 272 pages, 5 plates, Bibliography, Index. 
$5.00 


THE WILLIAMS & WILKINS COMPANY 


BALTIMORE, U. S. A. 
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This is one of a series of advertisements 
showing the supremacy of New Series De 
Laval Separators in each of the eight 
major points which determine separating 
costs: Skimming Efficiency, Capacity, 
Quality of Product, Low Labor Cost, 
Low Power Consumption, Small Expense 
for Repairs, Ease and Economy of Han- 
dling Milk, Low Price. 


A New Series De Laval costs less 


per year of service 


IVIDING its price by the number 
of years it is kept in service gives 
the true yearly first cost of a sep- 

arator or any other machine. 


On this basis, a New Series De Laval 
will prove by far the least expensive sep- 
arator to own, even though we do not 
consider repairs, fat losses, labor costs 
and all the other factors which go to make 
up the total yearly operating cost. 


A New Series De Laval does not, how- 
ever, depend upon its durability alone for 
a greater length of life. 


De Laval design is always several years 
in advance of competition. Hence, the 
user of a De Laval, regardless of its age, 
can always count on more years of service 
before improvements in design make its 
replacement advisable. 


THE DE LAVAL SEPARATOR CO. 
165 Broadway, New York 600 Jackson Bivd., Chicago 
DE LAVAL PACIFIC COMPANY, 61 Beale Sereet, San Francisco 
THE DE LAVAL COMPANY, Luarrep 

Peterborough Winnipeg Vancouver 


Laval Separators 
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ON HIS WORK 
Purity 
of Dairy Products 


for the 


THE dairy industry not only appreciates the 
work done by Louis Pasteur but is con- 
stantly developing further scientific methods 
for protection of the milk supply. 

And one of the efficient safeguards widely 
popular with leading producers is the use of 
KVP Paper. Results show that, in many ways, 
it is of great value to KEEP pure the products 
so carefully prepared. 

In the research laboratories of this Com- 
pany there is ceaseless effort to promote 
scientific care of dairy products. Any individual 
problem is gladly given prompt attention 


KALAMAZOO VEGETABLE PARCHMENT CO. 
Kalamazoo, - Michigan 
Manufacturing WoriJ-Famous Food-Protection Papers 


GENUINE VEGETABLE 


PARCHMENT 


PASTEUR 


LABORATORY TESTS 
PROVE GREATER 
EFFICIENCY OF 


B-K STERILIZATION 


HE B-K Plan provides the sim- 

plest, most economical and most 
effective method of sterilization for 
dairy farms and milk ts. A re- 
cent test with a standard dilution of 
B-K revealed the following : 


WITHOUT B-K 


This can—washed with hot water 
and brush, without B-K. Con- 
tained after washing 41,000,000 
live bacteria 


WITHOUT B-K 


This can—washed and brushed 
with hot water and washing pow- 
der and steamed for one-half min- 
ute. Contained 16,400,000 live 
bacteria. 


WITH B-K 


This can—washed with hot water 

and washing powder and rinsed 

with B-K. (1 ounce B-K to four 

ions water.) Test showed that 

-K destroyed 99.85% of the bac- 

teria in the can. B-K practically 
sterilized it. 


B-K is a standardized sodium hypo- 
chlorite solution in a concentrated 
form. The dilution charts governing 
its use have been scientifically worked 
out by chemists and authorities in 
laboratory tests and actual experience 
over a period of twenty years. 


Other interesting data will be sent on 
request. 


GENERAL LABORATORIES, INC. 
329 Dickinson St., Madison, Wisconsin 
B-K is a quick-acting germ killer . .. 
always uniform in quality, positive 


in results, inexpensive to use, and 
manufactured under the strictest 
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Tae Jougwar or Scrence is issued bimonthly, appeating in January, March, 
May, July,.September and November. Each volume will consist of approximately 

500 pages. Subscription is by the volume only’and not.by the year, One volume a | 

year is issued at present. 

Twenty-five reprints without covers of articlés will be furnished gratis to contributors 

~ when ordered‘in advance. A table showing cost-of additional reprints with an order 
slip is sent with. proof. 

Manuscripts should be typewritten and carefully revised before submission and 
showld be sent to Prof. C. Dahlberg, New York Agricultural Experiment Station, 
Geneva, New York. 

Correspondence concerning business metiers should be atidressed to The Williams & | 
Wilkins:Company, Publishers of Scientific Journalsand ‘Books, Mount Royal and Guil- 
ford Avenues; Baltimore, U. S. A. 

Subscription price: $5.00 per volume United States, and countries within the postal 
union; $5.50, countries outside the postal union... Prices are net, postpaid. 

Claims Jor copies lost in the mails must be received within thirty days (domestic), 
ninety days (foreign) of the date of issue. Changes of addtess must be received at 
least two weeks in advance of issue. 

New subscriptions:and renewals are.entered to begin with the first‘issue of the current 
volume... Should ‘any issue of the current volume be'out of print at the time the sub- 
scription order’is received, the pro-rata value-of such numbers will be credited to the 
next volume, and the renewal invoice therefore adfusted accordingly. 

. _ Subscriptions should be renewed promptly--To avoid a break in your series, subserip- 
tions should be renewed promptly, The publishers cannot guarantee to supply back 
issues On belated renewals. 

Subscriptions, new or renewal, should be sent tothe Publishers or to Agents listed 


AGENTS: 
For Argentinaand Uruguay: Beutelspacher y Cia, For Denmark: H. Hagerip’s Boghancdel, Gothers- 
Sarmiento 815, Buenos Aires. 30, 
For’ Austialia: Angas: & Robertson, Limited, 89> Fer-France: Emile Bougailt, 48 Rue des Ecoles, | 
= For Germany; Westermann Co., Inc, Zinmer- 
berg, For’ Holland: Scheltema:& Holkema, Rokin 74- 
For the British except Australia and 76; Amsterdam. 
Canada? Bailliére, & Cox, 8 Henrietta For Japan and Korea: Maruzen Company, Ltd. 
St., Covent Garden, W C. 2, London, England. (Maruzen-Kabushiki-Kaisha), Nibonbashi Tori- 
For Canada; Wm: Dawson & -Sons, Ltd, 91 Nithome; Tokyo; Fukuoka, Osaka, Kyoto, and 


Queen Street East, Toronto. 
For Press. Lid., Paoshan: For Plaza de Santa Ana; 
Road, Shanghai, China. 13 Madrid, 


“THE WILLIAMS: & WILKINS COMPANY = 
7 Publishers of Scientific Books‘end Periodicals 


BALTIMORE, U; S. Ai 


Medicina, Journal of Urology, Journal of Pharmacology and Therapentics, American Journal 
Tropical Medicine, Jéurnal of Immunology, Jowrndl of Industrial Bigiogy, Journal af Bacteriology, 
wnals of the Pickeu-T hompson Research Jenraal of Biological C. Chemical Reviews, J of Doiry Science, 
Soil Science; Social Forces, Personnel Journal, J owrnai of Comparative P: M 
Psychiatry, Occupational Therapy and Rehabilitation, Ci 
Clinical Investigation, The American Journal of Clinical Pathology. 


Monographs, Sindies in 
Journal of Aviation Medicine, J ourwal of 
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COMPLETE medium in dehydrated and powdered form. 
pared, the finished medium is clear, light colored and quite 
insoluble matter. No filtration or adjustment of reaction is req 
dehydrated product is very stable, and it will keep indefinitely. 
available for the preparation of large or small quantities of medium. 


More economical than freshly prepared medium. 
by the Committee on Methods of the International — 
Association of Dairy and Milk Inspectors are supplied when specified. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 


DIFCO LABORATORIES 
DETROIT, MICHIGAN, U.S.A. 


MARSCHALL 
| RENNET anp COLOR 


tt ad at 
| THE MARSCHALL DAIRY LABORATORY 


MADISON, WISCONSIN 


The college trained staff of this organi- By 
sation gladly furnishes data and in- Af J. 


formation for theses and problems. Pp iy comp trodu 

Why not include this service in your to lore of on 

year? illustrations, With more than 90 

cloud’and fog scapes. 

The American Guernsey ” $4.00. 

5 Grove Street _ Peterboro, N. H. ||} BALTIMORE, U, S. A. 


| NUTRIENT 
The 
Approved for determining the plate count of bacteria in e me- 
| _ dium conforms to the specifications of “Standard Methods.of Milk Analy- q 
sis." Renders comparable the results of different laboratories or over a 4 
Bacteriological Division of Digestive Ferments Company 
Theses - Problems ||}, 
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